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CONNECTION - FREE FILTER CAPSULE different reactions to sterilization procedures and lead to 

APPARATUS compromised seals and seal failure . 
Barbs are notoriously prone to connection failure . By 

CROSS - REFERENCE TO RELATED design , a barb , over which a tube is secured , exposes an 
APPLICATIONS 5 inner wall of a tube to defined annular or segmented acute 

edges that dig or bite into the tube material . This inevitably 
This is a regular utility application that claims the benefit weakens the tube at the connection point and can lead to tube 

of U.S. Provisional Patent Application Ser . No. 62 / 480,565 , failure , particularly if the filter assembly and tube ( s ) are 
filed Apr. 3 , 2017 , and is a continuation - in part of , and pressurized . Barb accessory components such as barb lock 
claims priority to , U.S. patent application Ser . No. 15/075 , 10 systems can further add to the mechanical stress placed on 
748 , filed Mar. 21 , 2016 , which claimed the benefit of U.S. the tube at the barb connection . Pressurization of a filter 
Provisional Patent Application Ser . No. 62 / 136,091 , filed system can add additional stress to the tube / barb connection 

and lead to tube deterioration and connection failure . Mar. 20 , 2015 , the contents all of which are incorporated in Mechanical stress on the barb connection may also occur their entirety herein by reference . 15 with movement of the filter assembly while the tube is 
connected to the assembly . Any of these potential sources of FIELD OF THE DISCLOSURE stress on the tube / barb connection can lead to contaminant 
infiltration or exit , depending upon the location of the tube The disclosure relates to filter capsule and tube combi and its assigned purpose ( inlet , outlet or vent ) . What is 

nations that eliminate a releasable connection . More par- 20 needed is a soft tube filter assembly connection that elimi 
ticularly , the disclosure concerns combination filter shells , nates the need for any clamping or barb connection systems capsules or housings and pliable tubes that eliminate a so as to eliminate potential contamination points . 
connection and potential contamination point in a filter What is needed further is a tube / tube connector / capsule 
assembly . combination that eliminates a connection point between a 

25 relatively soft tube and a relatively rigid port that can 
BACKGROUND OF THE DISCLOSURE withstand manufacturing processes as well as post - use ster 

ilization procedures so as to maintain structural and seal 
To filter liquids and / or gases of undesired contaminants or integrity . What is also needed is a tube connector that 

impurities , filters and / or purification material , e.g. , filter improves the structural integrity of the tube / capsule connec 
membranes , are used in enclosed filter housings to effectuate 30 tion point so as to rigidify the tube end secured to the 
contaminant or impurity removal . As used herein , “ filter capsule . These and other objects of the disclosure will 
and / or purification material ” and / or " filtration material ” become apparent from a reading of the following summary 
shall mean any filter mem ne , filter media , or any other and detailed description of the disclosure as well as a review 
material or substance used to filter fluids including liquids of the appended drawings . 
and gases . To deliver fluids and / or gases to the filter material 35 
for filtering , conduits in the form of tubes or pipes are used SUMMARY OF THE DISCLOSURE 
to deliver the materials to be filtered to a filter capsule 
containing filter material . As used herein , “ filter capsule ” In one aspect of the disclosure , a capsule apparatus for 
shall mean any structure , including , but not limited to , enclosing filters includes a plurality of ports extending from 
housings , shells , disc filters , filter cages , filter cartridges and 40 the capsule body to receive liquid and / or gas delivery and 
the like used to enclose filter material . The conduits can be exit tubes . The ports are dimensioned to receive the inner 
rigid pipe or pliable tubes made from such materials as and / or outer diameters of the tubes . The dimensions of the 
thermoplastic elastomers ( TPE ) . For rigid pipe , connectors port passages are further set to maintain a consistent , con 
such as clamps , threaded couplings and the like can be used . tinual cross - sectional diameter substantially the same as the 
For soft pliable tubes , hose barbs are the conventional 45 cross - sectional diameter of the tube lumen at a relaxed , or 
connection choice . Each form of connection includes several unstressed , portion of the tube to be secured to the port . 
drawbacks . In another aspect of the disclosure , a tube connector is 
Rigid connectors add considerable cost and spatial inflex formed with an annular channel dimensioned to receive an 

ibility to the filter assembly , particularly with the use of end of a tube . The interior and exterior walls of the channel 
tri - clamp arrangements that use a clamp to secure flanged 50 register against the interior and exterior walls of the tube so 
ports with flanged tubes . The use of flanged tubes creates at as to provide maximal support to the tube end . The tube is 
least two potential contamination points . The first is the bonded to the connector to from a tube / connector subas 
junction of the flange to the tube . In some available versions , sembly for subsequent bonding to a capsule assembly . 
such as those offered by Saint - Gobain , if the seal between In a further aspect of the disclosure , a tube , tube connector 
the hard plastic or metallic flange and relatively soft tube is 55 and filter capsule are bonded together in a single step . The 
in any way compromised , contaminants , such as bacteria , connector has portions defining a first bore to receive the 
could potentially enter the filter assembly , or , depending outer wall of the tube and a second bore dimensioned to 
upon the application , permit the exit of bacterial contami receive a filter capsule port . In an alternative embodiment , 
nants from the filter assembly . the outer wall of the connector is dimensioned to receive the 

A second point of potential contamination is the clamp 60 inner wall of a tube as well as an inner wall of the capsule 
flange juncture . Any damage to the seal between the two port . In a further alternative embodiment , the connector has 
adjoining surfaces also could lead to potential contaminant a bore to receive a tube end and has an outer diameter 
infiltration of the filter assembly . Such events can occur with dimensioned to receive and register against an inner wall of 
multiple filter sterilization cycles that may involve high heat a port . In a still further alternative embodiment , the connec 
or gamma radiation . The use of different materials for the 65 tor has an outer diameter dimensioned to receive an inner 
tubes and connectors , each material having different char wall of a tube and a bore to receive an outer wall of the 
acteristics , e.g. , melting points and flexural moduli , can have capsule port . 
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In a still further aspect of the disclosure , a tube connector / have the same cross - sectional diameter as the cross - section 
barb has portions defining a tube receiving annular channel diameter of the tube lumen at a relaxed , or unstressed , 
at a proximal end whereby the inner and outer walls defining portion of the tube . The connector bore may be formed with 
the channel are dimensioned to receive the inner and outer a smooth or corrugated wall dimensioned to register against 
walls of a tube . A distal end of the connector is formed in the 5 and secure a portion of an end of the tube to form a 
shape of a barb . In an alternate embodiment , the inner wall liquid - tight seal between the tube and the connector . defining the annular channel is formed with an increasing The inner annular wall of the connector and the outer wall 
diameter at an end distal from the main body of the con of the capsule port may each be formed with a taper , or nector , frustoconical in cross - section , to provide a tube 
binding surface for a combination mechanical / friction fit to 10 axis of the capsule port , to mechanically compress the tube formed to be cylindrical and thus coaxial with a longitudinal 
further secure the tube engaged to the connector . In yet end and create a liquid - tight seal . The connector bore inner another alternate embodiment , a bore is formed in the 
connector dimensioned to receive and register against an wall may be formed with a frustoconical shape that presents 
outer wall of the tube . as a taper in cross - section , with the smaller end of the taper 

In yet a further aspect of the disclosure , a tube / connector / 15 at either the end proximal the flanged bottom end of the 
capsule port connection is formed in a single step . The connector , or distal from the connector bottom end . The 
connector is formed with an annular channel dimensioned to capsule port outer wall may also be formed with a frusto 
receive the annular wall of a capsule port . The connector conical shape that presents as a taper in cross - section with 
further defines a through - bore having a cross - sectional the smaller end of the taper either proximal to a base of the 
diameter dimensioned to maintain a dimensionally consis- 20 port that forms a capsule / port junction , or distal from the 
tent , continual channel similar in dimension to the cross 
sectional diameter of the tube lumen at a portion of the The three possible configurations for the connector inner 
attached tube measured at a relaxed , or unstressed , portion wall and the three for the capsule port outer wall present nine 
of the tube . In one embodiment , the connector defines a tube different port / connector combinations to secure a tube to the 
bore dimensioned to receive the outer wall of a tube end . In 25 port / connector combination when assembled . For three 
an alternative embodiment , the connector defines a second embodiments that incorporate a tapered port outer wall with 
annular channel , the walls of which are spaced to receive the smaller end of the taper proximal to the capsule / port 
and register against the inner and outer wall of a tube end . junction , an interference fit is created that requires the tube 
In a yet further alternative embodiment , the connector has an end to be secured over the relatively wide port tip . For the 
outer wall dimensioned to receive the inner wall of a tube 30 three embodiments that incorporate a tapered port outer wall 
end . with the smaller end of the taper distal from the capsule / port In yet another embodiment , a tube / connector / capsule port junction , a compression or friction fit is required to secure a assembly is bonded in one step . The connector defines an 
annular channel with an inner wall having a frustoconical tube end in the channel formed by the combination of the 
shape in cross - section whereby the wider portion of the 35 port and connector with the connector superposed about the 
inner wall extends away from the main body of the connec tube end and the port . For the one embodiment that has a 
tor to provide a mechanical / friction fit to more securely port cylindrical outer wall and a connector cylindrical inner 
engage the tube . The tube / connector / port assemblies can be wall , the gap formed between the coaxial walls has to be 
dedicated to a particular function , e.g. , ingress ( inlet ) , egress smaller in dimension than the thickness of the tube wall so 
( outlet ) , exhaust ( vent ) and drain ( upstream or downstream ) . 40 as to compress the tube wall and secure the tube in the gap 

In a yet further aspect of the disclosure , a tube / connector / formed by the port / connector combination . 
capsule port assembly is bonded in one step . The connector In another aspect of the disclosure , a dual - walled , option 
defines a bore with an annular wall dimensioned to receive ally reinforced tube is incorporated into the tube / connector / 
an outer annular wall of a capsule port . An opposite end of capsule embodiments disclosed herein . A connection end of 
the connector can be formed with an annular channel 45 the tube is modified to remove an end segment of the outer 
dimensioned to receive a tube , with an inner wall of the tube wall to maximize the tube sealing surface area and to 
annular channel having a frustoconical cross - sectional shape minimize a potential contamination point in a dual - walled 
with the larger diameter end extending toward a tube con tube . 
necting end of the connector , with a bore dimensioned to In yet another aspect of the disclosure , a tube connection 
receive an outer wall of the tube , or with an outer diameter 50 reinforcement or support collar is formed on an end of a tube 
dimensioned to be inserted into a tube . The connector further connector / over - mold to protect the connector / tube junction 
defines a channel dimensioned to have substantially the distal from the capsule . These and other aspects of the 
same cross - sectional diameter as the cross - sectional diam disclosure will become apparent from a review of the 
eter of the tube lumen at a relaxed , or unstressed , portion of appended drawings and a reading of the following detailed 
the attached tube . 55 description of the disclosure . 

In a still further aspect of the disclosure , a tube / connector / 
capsule assembly also eliminates a connection point with the BRIEF DESCRIPTION OF THE DRAWINGS 
application of a modified capsule port and port connector 
subassembly . The capsule port and connector are formed FIG . 1 is a side partial sectional view of a tube / tube 
with flanged ends that have corresponding annular inter- 60 connector subassembly according to one embodiment of the 
locking structures to mechanically lock the components disclosure . 
together to create a fluid tight seal between the components . FIG . 2 is a side partial sectional view of a tube / hose barb 
An end of the connector opposite the flanged end defines a assembly according to another embodiment of the disclo 
bore dimensioned to receive a distal end of the port and a 
tube end secured between the outer wall of the capsule port_65 FIG . 3 is a side partial sectional view of a filter capsule / 
and the inner wall of the connector defining the bore . A tube / tube connector assembly according to a further embodi 
channel formed in the capsule port may be dimensioned to ment of the disclosure . 

sure . 
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FIG . 4 is a side partial sectional view of a filter capsule / FIG . 26 is a side sectional exploded view of a tube / tube 
tube / tube connector assembly according to another embodi connector / capsule assembly according to a yet further 
ment of the disclosure . embodiment of the disclosure . 

FIG . 5 is a side partial sectional view of a tube / tube FIG . 27 is a side sectional view of the tube / tube connec 
connector subassembly according to a yet further embodi- 5 tor / capsule assembly shown in FIG . 25 . 
ment of the disclosure . FIG . 28 is a side sectional view of the tube / tube connec 

FIG . 6 is a side partial sectional view of a tube / hose barb tor / capsule assembly shown in FIG . 26 . 
assembly according to yet another embodiment of the dis FIG . 29 is a side sectional exploded view of a tube / tube 
closure . connector / capsule assembly according to a still further 

10 embodiment of the disclosure . FIG . 7 is a side partial sectional view of a filter capsule / 
tube / tube connector assembly according to a still further FIG . 30 is a side sectional exploded view of a tube / tube 
embodiment of the disclosure . connector / capsule assembly according to yet another 

embodiment of the disclosure . FIG . 8 is a side partial sectional view of a filter capsule / FIG . 31 is a side sectional view of the tube / tube connec tube / tube connector assembly according to still another 15 tor / capsule assembly shown in FIG . 29 . embodiment of the disclosure . FIG . 32 is a side sectional view of the tube / tube connec FIG . 9 is a side partial sectional view of a tube / tube tor / capsule assembly shown in FIG . 30 . connector assembly according to yet another embodiment of FIG . 33 is a side sectional exploded view of a tube / tube 
the disclosure . connector / capsule assembly according to a still further 

FIG . 10 is a side partial sectional view of a tube / tube barb 20 embodiment of the disclosure . 
assembly according to a further embodiment of the disclo FIG . 34 is a side sectional exploded view of a tube / tube 

connector / capsule assembly according to yet another 
FIG . 11 is a side partial sectional view of a tube / tube embodiment of the disclosure . 

connector / filter capsule assembly according to a still further FIG . 35 is a side sectional view of the tube / tube connec 
embodiment of the disclosure . 25 tor / capsule assembly shown in FIG . 33 . 

FIG . 12 is a side partial sectional view of a tube / tube FIG . 36 is a side sectional view of the tube / tube connec 
connector / filter capsule assembly according to yet another tor / capsule assembly shown in FIG . 34 . 
embodiment of the disclosure . 

FIG . 13 is a side sectional view of a dual - walled rein DETAILED DESCRIPTION OF THE 

forced tube according to another embodiment of the disclo DISCLOSURE 

FIG . 14 is a side sectional view of a modified dual - walled Referring to FIG . 1 , in one aspect of the disclosure , a 
tube / connector assembly shown designated generally as 10 reinforced tube according to a further embodiment of the includes a tube designated generally as 14 secured to a tube disclosure . 35 connector designated generally as 12. Tube 14 has an FIG . 15 is a side partial sectional view of a dual - walled annular wall 16 that defines a lumen 18. The tube is 

reinforced tube / tube connector / filter capsule assembly constructed from a thermoplastic elastomer to take advan 
according to a still further embodiment of the disclosure . tage of the multiple advantageous characteristics of this 

FIG . 16 is a side sectional view of a dual - walled rein material that impart a combination of flexibility and resil 
forced tube / tube connector subassembly according to yet 40 iency . An additional advantage is that the material has no 
another embodiment of the disclosure . reactivity with respect to most liquids and gases that may be 

FIG . 17 is a side sectional view of a dual - walled rein passed through the tube . The tube may or may not include 
forced tube / tube connector subassembly according to still reinforcement materials , e.g. , fiberglass or metallic braids , 
another embodiment of the disclosure . on the exterior or embedded in the material to improve 

FIG . 18 is a side sectional view of a single - walled 45 resiliency characteristics and to counter any torsional , com 
tube / tube connector subassembly according to a further pression , tensional and flexion stresses placed on the tubing . 
embodiment of the disclosure . Connector 12 has an annular wall 20 that defines a smooth 

FIG . 19 is a side sectional view of a single - walled tube bore 24 dimensioned to receive and register against an 
tube / tube connector subassembly with a reinforcement col outer wall of tube 14. An annular shoulder 22 is formed at 
lar according to another embodiment of the disclosure . 50 a bottom end of bore 24 and extends radially inwardly from 

FIG . 20 is a side sectional , partial fragmented , view of a an inner surface of connector wall 20 to form a mechanical 
filter train having a plurality of tube - connected , single stop for the tube when inserted into connector 12. A second 
walled tube / tube connector / capsule assemblies according to capsule bore 26 is formed on a bottom end of connector 12 
a further embodiment of the disclosure . and dimensioned to receive a capsule port or port stem 

FIG . 21 is a side sectional exploded view of a tube / tube 55 ( disclosed in more detail below . Capsule bore 26 is in fluid 
connector / capsule assembly according to the embodiment communication with tube bore 24 and tube lumen 18 when 
shown in FIG . 20 . the tube is secured to the connector . 

FIG . 22 is a side sectional exploded view of a tube / tube Tube / tube connector assembly 10 is structured to be 
connector / capsule assembly according to another embodi bonded directly to a capsule port and may be formed in a 
ment of the disclosure . 60 two - step process whereby the tube and connector are bonded 

FIG . 23 is a side sectional view of the tube / tube connec ( thermal , sonic and / or solvent bonding ) in a one - process 
tor / capsule assembly shown in FIG . 21 . step and the tube / tube connector assembly is bonded to the 

FIG . 24 is a side sectional view of the tube / tube connec capsule in a second process step injection molded , insert 
tor / capsule assembly shown in FIG . 22 . molded , and / or any of the thermal , sonic and / or solvent 

FIG . 25 is a side sectional exploded view of a tube / tube 65 bonding methods used to secure the tube to the tube con 
connector / capsule assembly according to a further embodi nector ) . In an alternative embodiment , the tube , tube con 
ment of the disclosure . nector and capsule port are bonded together in a single 
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processing step such as injection molding , whereby the superposed about the tubes contributes to the formation of a 
material used to form the tube connector is over - molded gap between the tubes . The connector material should flow 
onto the capsule port and the tube . into the gap during connector formation and seal it off from 

It should be understood that any combination of bonding any liquids or gases introduced to , and / or exiting from , the 
methods and steps can be used to achieve the final connec 5 capsule through the tube . This requires , however , the bulk 
tion - free filter apparatus . For example , both thermal and material of the braided section to have similar properties as 
solvent bonding methods may be used together to secure a the inner tube material and be thermally bonded by the 
soft flexible tube to a rigid plastic connector or filter capsule . over - molded connector material . If made of material with 
It may also be advantageous to use a tube material with a dissimilar properties , the reinforcement material should be 
lower melting point than that of the material used to make 10 removed before the over - molding process . This will improve 
the relatively rigid plastic connector and / or filter capsule so the bond and further help prevent the potential release of 
as not to compromise the integrity of the rigid plastic undesirable extractables from the reinforcement material . 
connector with over - heating . It should be further understood This problem is potentially exacerbated by the relatively 
that a soft , flexible tube ( made from a thermoplastic elas small contact surface area 251V between the inner tube 161 
tomer or other pliable material ) may be secured directly to 15 end and an annular shoulder 24 of the connector that leaves 
a filter capsule using any of the molding / bonding methods little room for error in the molding process and is the only 
disclosed herein . bonded section between the tube lumen and gap 231. If 

Tube 14 may be constructed from materials including , but there is any failure of the joint , liquids and / or gases can 
not limited to , thermoplastic elastomers ( TPE ) , thermoplas migrate into gap 23 ' , particularly if the system is pressur 
tic rubbers ( TPR ) , silicone , PVC , PVS and the like , and any 20 ized . Fluid migrating into the gap under pressure potentially 
soft and flexible tubing currently used in the pharmaceutical can create tube failure points ( tube burst events ) in the 
and medical fields . The connector may be constructed from tubing . Moreover , exposure of the reinforcement material to 
materials including , but not limited to , polyethylene ( PE ) , the fluid may cause product changes on the wetted surfaces 
polypropylene ( PP ) , high density polyethylene ( HDPE ) , of the material that can affect chemical compatibility among 
nylon , polyvinylchloride ( PVC ) , polyethylene terephthalate 25 the component materials and may negatively impact regu 
( PET ) , Hytrel type material , and the like . When materials latory compliance if extractables from the reinforcement 
such as TPE are used for the tubing , simple thermal bonding material leeches into the fluid and into the tube lumen . A 
may be used to secure the tube to a tube connector or directly modification of tube 14 ' ' significantly improves the contact 
to the filter capsule . For materials such as PVC for the surface area between inner tube 16 " and connector 12V and 
tubing , solvent bonding may be used to secure the tubing 30 significantly reduces the possibility of fluid migration into 
directly to the filter capsule . 

Tube / connector assembly 10 may also be constructed As shown in FIG . 14 , tube 14+ may be modified by 
with a dual - wa reinforced tube such as tube 141V shown removing a segment of outer tube 1777. This moves gap 231v 
in FIGS . 13 and 14 , particularly when the tube and larger between the tubes away from the end of inner tube 167V that 
assembly will be used in a high - pressure system in which 35 bonds with an annular shoulder of a connector ( shoulder 24 " 
higher pressure tolerances are needed in the tube component . shown in FIG . 17 ) . This may or may not include removal of 
From a manufacturing perspective , the primary difference the reinforcement material superposed about inner tube 16V 
between single and dual - walled tubes is the dimensional as disclosed above . As shown in FIG . 17 , when secured to 
considerations of using a tube with a different cross - sec a connector 12 ” , the surface area 27 ' of inner tube 16 that 
tional diameter . Each component is sized to accommodate a 40 contacts connector 12 includes the tube end and the outer 
different tube diameter including the over - molding material wall up to the new end of outer tube 17 ' . This maximizes the 
used to form connector 12 . surface area of contact and moves the gap 23 between the 

Tube 14 " V may be formed with any of the materials used tubes away from the junction between inner tube 16 ' and 
to form tube 14 as disclosed herein . The tube reinforcement shoulder 24 of connector 12 " . 
material may be any commonly used in the art to reinforce 45 To further increase the bond surface area and further 
tubing material including illustratively , and not exhaus eliminate the potential for leakage at the connector / tube 
tively , braided fiberglass , metallic materials , fibrous material junction , any reinforcement material , formed on the exterior 
such as cotton , and polymer materials such as polyester , of inner tube 16 " , on the inner tube section exposed by the 
nylon , polyethylene , polypropylene and the like . In one removal of the outer tube segment , may be removed to 
embodiment , tube 14 may be secured to tube connector 50 present a smooth , maximized contact surface to bond to the 
12V , as shown in FIG . 16 , with the same methods described connector material . This also is particularly warranted if the 
for securing tube 14 to connector 12. If secured in the form reinforcement material has chemical and / or processing 
shown in FIG . 13 , the tube end is inserted into tube bore 24TV properties incompatible with the tube material with respect 
and registered against connector wall 201 ' . FIG . 16 shows to bonding to the connector material . It should be under 
tube 147 secured in connector 127 ' . Connector 127V may be 55 stood , however , that removal of the reinforcement material 
pre - formed and subsequently bonded to tube 14 % ' or may be is not a mandatory requirement to form a secure bond 
formed in a mold about tube 14 " using illustratively , con between the inner tube and connector material . It is an 
ventional injection molding processes . It should be under optional measure that can be taken to reduce the probability 
stood that the same processing options are available to join of bond imperfections and the release of extractables at the 
the tube and connector to a capsule port / port stem as 60 connector / tube junction . 
disclosed herein . Referring now to FIG . in another aspect of the disclo 

If constructed with the dual - wall extending the entire sure , a tube / barb connector assembly shown designated 
length of the tube as shown in FIG . 16 , although a secure generally as 30 includes a tube designated generally as 14 
bond between the tube and connector may be formed , there secured to a barb connector designated generally as 32. Like 
is a potential for contamination between the tubes at the 65 connector 12 , barb connector 32 has an annular wall 34 that 
dual - tube end junction with the connector ( designated gap defines a tube bore dimensioned to receive and register 
23 " in FIG . 16 ) , particularly if the reinforcement material against the outer wall of tube 14. A barb connector shoulder 
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36 extends radially inwardly from wall 34 to form a stop process . Alternatively , the tube / tube connector subassembly 
against which an end of tube 14 registers . A distal end of can be bonded to the pre - formed capsule via thermal , sonic 
barb connector 32 is formed as a barb connection 38 with at and / or solvent bonding . 
least one radially extending barb 40. Barb connection 38 In the one - step process , the tube , pre - formed tube con 
defines a barb lumen 42 dimensioned to be substantially nector and capsule are bonded together in a single molding 
similar in dimension to lumen 18 of tube 14 . step , e.g. , insert molding , wherein the tube and pre - formed 

Tube 14 is secured to barb connector 32 in the same tube connector are assembled together and placed in the 
manner disclosed for tube / tube connector assembly 10. The capsule mold prior to the capsule molding process . Alter 
materials used to construct barb connector 32 are the same natively , the three components can be bonded together in a 
materials disclosed for tube connector 12. The methods used single thermal , sonic and / or solvent bonding method . Either 
to secure tube 14 to barb connector 32 are the same as those the one - step or two - step processes produce tube / tube con 
disclosed for tube / tube connector assembly 10. The barb nector / capsule port connections that can withstand pressur 
permits connection to other tubes used to deliver or receive ized applications as well as post - use sterilization procedures 
liquids and / or gases depending upon the functional assign using high heat and / or gamma radiation . The tube connector 
ment given to the tube / barb connector assembly , i.e. , inlet , provides the added benefit of rigidifying and strengthening 
outlet , vent . the end of the tube connected to the connector / port combi 

Like tube / tube connector assembly 10 , barb connector 32 nation . This is in contrast to the weakening effect a barb has 
may be secured to a dual - walled , reinforced tube such as on the end of a tube connected to the barb . 
dual - walled tube 14 " shown in FIGS . 13 and 14. Again , the 20 Like tube / tube connector assembly 10 , barb connector 52 
primary difference is the dimensional modifications needed may be secured to a dual - walled , reinforced tube such as 
to receive a tube with a different cross - sectional diameter . dual - walled tube 14 " shown in FIGS . 13 and 14. The 
The materials and methods used to secure tube 141V to primary difference continues to be the dimensional modifi 
connector 32 , and the considerations that impact such a cations needed to receive a tube with a different cross 
combination , are the same as those disclosed for the com- 25 sectional diameter . The materials and methods used to 
bination of tube 14 " with connector 12 " . secure tube 14 ' to connector 52 , and the considerations that 

Referring now to FIG . 3 , in a further aspect of the impact such a combination , are the same as those disclosed 
for the combination of tube 141V with connector 121V . disclosure , a tube / tube connector / capsule assembly shown 

designated generally as 50 includes a tube 14 secured to a Referring now to FIG . 4 , in a still further aspect of the 
tube connector 52 secured to a capsule port 70. Tube 14 and 30 disclosure , a tube / tube connector / capsule port assembly is 
connector 52 are identical in structure , materials and bond shown designated generally as 80. Assembly 80 includes 
ing methods to those disclosed for tube / tube connector tube 14 , a tube connector designated generally as 82 and a 

capsule designated generally as 90. Connector 82 has the assembly 10. Tube connector 52 has a wall 51 that defines same features and is structured in the same manner as tube 
a tube bore 58 dimensioned to receive and register against 35 connector 12 shown in FIG . 1. Connector 82 has a connector 
the outer surface of tube wall 16. A shoulder 54 that extends wall 83 that defines a tube bore 88 dimensioned to receive 
radially inwardly from an inner surface of wall 51 functions and register against the outer surface of tube wall 16. A as a stop and registration surface for tube 14 when the tube shoulder 84 extends radially inwardly from connector wall 
is inserted into and bonded to connector 52 . 83 and forms a stop / registration surface for the end of tube 

A port channel 68 defined by port 70 and port base 64 is 40 14. The cross - sectional diameter of bore 88 substantially 
in fluid communication with tube lumen 18 and with the maintains the cross - sectional diameter of the lumen of tube 
filter chamber defined by capsule 62. The cross - sectional 14 taken at a relaxed , unstressed portion of the tube . 
diameter of channel 68 is dimensioned to be substantially A bottom end of connector 82 has an annular wall 86 that 
the same as , or not less than the cross - sectional diameter of defines a bore dimensioned to receive the outer wall of 
the tube lumen defined by an unstressed , relaxed segment of 45 capsule port 94. This connector / port connection differs from 
tube 14. As shown in FIG . 3 , capsule 62 represents one end the connector / port connection shown in FIG . 3 in that 
of a complete capsule , the remainder of which is not shown connector 82 does not define an annular channel to receive 
for purposes of simplicity . It should be understood that the the inner and outer surfaces of the port wall , but just a bore 
remainder of the capsule housing will include additional to receive and register against the outer surface of the port 
ports that may be configured with tube / tube connector 50 wall . This provides a less robust connection , but an adequate 
assemblies . one to handle the applications to which the capsule is put to 

An annular port channel 56 is formed on a distal end of use as well as the post - use sterilization procedures . Like 
connector 52 and is dimensioned to receive the annular wall tube / tube connector / capsule port assembly 50 , tube / tube 
of port 70 such that the inner and outer surfaces of the wall connector / capsule port assembly 80 can be constructed from 
register against the walls of annular bore 56. A top surface 55 the same materials disclosed for the components of assem 
of the port wall is further registered against a bottom surface bly 50 in either a one - step or two - step process such as those 
of bore 56 so as to function as a stop and support surface for disclosed for assembly 50. By way of illustration and not 
the joined components . limitation , the tube may be injection molded directly onto 

The materials used to manufacture the tube , tube connec the filter capsule . 
tor and capsule are the same as those disclosed for tube 14 60 Like tube / tube connector assembly 10 , barb connector 82 
and tube connector 12 hereinabove . Tube / tube connector / may be secured to a dual - walled , reinforced tube such as 
capsule port assembly 50 may be formed in a one - step or dual - walled tube 14V shown in FIGS . 13 and 14. The 
two - step process . In the two - step process , the tube and primary difference is the dimensional modifications needed 
connector are bonded together using thermal , sonic and / or to receive tube with a different cross - sectional diameter . 
solvent bonding techniques . The tube / tube connector sub- 65 The materials and methods used to secure tube 14 to 
assembly is then secured in a mold used to make the capsule connector 82 , and the considerations that impact such a 
and is bonded to the capsule port during the capsule molding combination , are the same as those disclosed for the com 
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bination of tube 14 " with connector 12 ' ' . FIG . 15 shows a Connector 12 ' has an annular wall 20 ' that defines a tube 
dual - walled tube secured to the filter capsule configuration bore dimensioned to receive and register against an outer 
shown in FIG . 4 . wall of tube 14 ' . A bottom end of the tube bore is formed as 

Referring to FIG . 15 , in a yet another aspect of the an annular tube channel 21 that includes an annular channel 
disclosure , a tube / tube connector / capsule port assembly is 5 bottom 22 ' that extends radially inwardly from an inner 
shown designated generally as 80 ' " . Assembly 80 ' " includes surface of connector wall 20 ' to form a mechanical stop for 
dual - walled tube 14 " ( with optional reinforcement material the tube when inserted into connector 12 ' . An inner channel 
81 ' " ) , a tube connector designated generally as 82 ' and a wall designated generally as 24 ' defines the inner portion of 
capsule designated generally as 90 ' " . Tube 14 " " comprises an the tube receiving channel and is formed to have a frusto 
inner tube 16 " and an outer tube 17 " " superposed about inner conical profile in cross - section whereby the larger diameter 
tube 16 " " . Reinforcement material 81 " ' is formed about the end of the wall , designated 25 , extends upwardly toward the 
tubes and creates a gap 23 ' " ' between the tubes where the tube bore and the smaller diameter end of the inner wall , 
reinforcement material of the respective tubes registers designated 27 , connects to channel bottom 22 ' . This con 
against one another . It should be understood that the optional figuration creates a mechanical restriction surface that 
reinforcement material 81 " ' may be formed on one or both mechanically locks tube 14 ' into the tube channel and bore . 
tubes , or may be imbedded in one or both tubes , as well as When thermal bonding is applied and the tube material is 
configured with any combination of surface mounted and allowed to flow and expand in the channel , the tube is 
imbedded variations . A segment 19 ' ' of inner tube 16 " " is not mechanically locked to connector 12 ' by virtue of the 
superposed by outer tube 17 " " 20 restricting surface of inner channel wall 24 ' . The cross 

Connector 82 ' has the same features and is structured in sectional diameter of a tube bore 29 defined by an inner 
the same manner as tube connector 12 shown in FIG . 1 surface of inner wall channel 24 ' may be dimensioned at its 
modified , however , to accommodate a stepped , dual - walled most na w point to be substantially similar to , or essen 
tube . Connector 82 " ' ' has a connector wall 83 " ' that defines tially not less than the cross - sectional diameter of the tube 
a tube bore 88 " ' ' dimensioned to receive and register against 25 lumen at a relaxed or unstressed segment of tube 14 ' . 
the outer surface segment 19 ' ' of inner tube wall 16 " " . An A second capsule bore 26 ' is formed on a bottom end of 
annular shoulder 84 ' " ' extends radially inwardly from con connector 12 ' and dimensioned to receive a capsule port 
nector wall 83 ' " and forms a stop / registration surface for the ( disclosed in more detail below . Capsule bore 26 ' is in fluid 
end of inner tube 16 " " . The cross - sectional diameter of bore communication with a tube bore 29 ( defined by an inner 
88 ' ' substantially maintains the cross - sectional diameter of 30 surface of channel inner wall 24 ' ) and tube lumen 18 ' when 
the lumen of tube 14 " " taken at a relaxed , unstressed portion the tube is secured to the connector . Tube / tube connector of the tube . A second annular shoulder 84a extends radially assembly 10 ' is structured to be bonded directly to a capsule inwardly from connector wall 83 " " and forms a stop / regis 
tration surface for the end of outer tube 17 " " . The bonding port and is formed in a two - step process whereby the tube 
surfaces between the tubes , the connector shoulders and the 35 and connector are bonded in one process step and the 
exposed segment 19 ' ' of inner tube 16th create a significant tube / tube connector assembly is bonded to the capsule in a 
structural separation of tube gap 23 ' ' from the junction of the second process step . In an alternative embodiment , the tube , 
end of inner tube 16 ' ' ' with shoulder 84 ' " . This effectively tube connector and capsule port are bonded together in a 
eliminates the possibility of fluids in the tube lumen entering single processing step when the capsule is molded as dis 
the inter - tube gap . closed more fully herein . 

A bottom end of connector 82 " has an annular wall 86 " Tube 14 ' may be constructed from same materials dis 
that defines a bore dimensioned to receive the outer wall of closed for tube 14. Tube connector 12 ' may be constructed 
capsule port 94 " " and register against port base 92 ' " . This from the same materials disclosed for tube connector 12 . 
connector / port connection differs from the connector / port Like tube / tube connector assembly 10 , barb connector 12 ' 
connection shown in FIG . 3 in that connector 82 ' ' does not 45 may be secured to a dual - walled , reinforced tube such as 
define an annular channel to receive the inner and outer dual - walled tube 14 shown in FIGS . 13 and 14. The 
surfaces of the port wall , but just a bore to receive and primary difference is the dimensional modifications needed 
register against the outer surface of the port wall . This to receive a tube with a different cross - sectional diameter . 
provides a less robust connection , but an adequate one to The materials and methods used to secure tube 141V to 
handle the applications to which the capsule is put to use as 50 connector 12 ' , and the considerations that impact such a 
well as the post - use sterilization procedures . Like tube / tube combination , are the same as those disclosed for the com 
connector / capsule port assembly 50 , tube / tube connector / bination of tube 14 " with connector 127 . 
capsule port assembly 80 ' " ' can be constructed from the same Referring now to FIG . 6 , in another aspect of the disclo 
materials disclosed for the components of assembly 50 in sure , a tube / barb connector assembly shown designated 
either a one - step or two - step process such as those disclosed 55 generally as 30 ' includes a tube designated generally as 14 ' 
for assembly 50. By way of illustration and not limitation , secured to a barb connector designated generally as 32 ' . Like 
the tube may be injection molded directly onto the pre connector 12 ' , barb connector 32 ' has an annular wall 34 ' that 
formed filter capsule . defines a tube bore dimensioned to receive and register 

Referring to FIG . 5 , in another aspect of the disclosure , a against the outer wall of tube 14 ' . A bottom end of the tube 
tube / connector assembly shown designated generally as 10 ' 60 bore is formed as an annular channel , designated generally 
includes a tube designated generally as 14 ' secured to a tube as 37 , and is similar in construction and function to channel 
connector designated generally as 12 ' . As used herein , 24 ' of connector 12 ' in that it has an inner channel wall 
elements referenced with primed numbers in one embodi having a frustoconical shape in cross - section that creates a 
ment correspond to elements in other embodiments refer restriction surface to mechanically lock tube 14 ' to the 
enced with the same number either unprimed or primed 65 connector when bonded to the connector . 
differently . Tube 14 ' has an annular wall 16 ' that defines a A distal end of barb connector 32 ' is formed as a barb 
lumen 18 ' like tube 14 disclosed herein . connection 38 ' with at least one radially extending barb 40 ' . 

40 
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Barb connection 38 ' defines a barb lumen 42 ' that may be dual - walled tube 14 " V shown in FIGS . 13 and 14. The 
dimensioned to be substantially similar in dimension to primary difference is the dimensional modifications needed 
lumen 18 ' of tube 14 ' . to receive a tube with a different cross - sectional diameter . 

Tube 14 ' is secured to barb connector 32 ' in the same The materials and methods used to secure tube 14 " V to 
manner disclosed for tube / tube connector assembly 10. The 5 connector 52 ' , and the considerations that impact such a 
materials used to construct barb connector 32 ' are the same combination , are the same as those disclosed for the com 
materials disclosed for tube connector 12. The methods used bination of tube 14 " with connector 127 . 
to secure tube 14 ' to barb connector 32 ' are the same as those Referring now to FIG . 8 , in a still further aspect of the 
disclosed for tube / tube connector assembly 10. The barb disclosure , a tube / tube connector / capsule port assembly is 
permits connection to other tubes used to deliver or receive 10 shown designated generally as 80 ' . Assembly 80 ' includes 
liquids and / or gases depending upon the functional assign tube 14 ' , a tube connector designated generally as 82 ' and a 
ment given to the tube / barb connector assembly , i.e. , inlet , capsule designated generally as 90 ' . Connector 82 ' has the 
outlet , vent . same features and is structured in the same manner as tube 

Like tube / tube connector assembly 10 , barb connector 32 ' connector 12 ' shown in FIG . 5. Connector 82 ' has a con 
may be secured to a dual - walled , reinforced tube such as 15 nector wall 83 ' that defines a tube bore 88 ' and is dimen 
dual - walled tube 14 shown in FIGS . 13 and 14. The sioned to receive and register against the outer surface of 
primary difference is the dimensional modifications needed tube wall 16 ' . A bottom end of tube bore 88 ' is formed as an 
to receive a tube with a different cross - sectional diameter . annular channel , designated generally as 89 , and is similar in 
The materials and methods used to secure tube 14 " to construction and function to channel 24 ' of connector 12 ' in 
connector 32 ' , and the considerations that impact such a 20 that it has an inner channel wall having a frustoconical shape 
combination , are the same as those disclosed for the com in cross - section that creates a restriction surface to mechani 
bination of tube 14 " with connector 12 " . cally lock tube 14 ' to the connector when bonded to the 

Referring now to FIG . 7 , in a further aspect of the connector . The bottom surface 87 of channel 89 functions as 
disclosure , a tube / tube connector / capsule assembly shown a stop and registration surface for and end of tube 14 ' when 
designated generally as 50 ' includes a tube 14 ' secured to a 25 the tube is inserted into and bonded to connector 82 ' . 
tube connector 52 ' secured to a capsule port 70 ' . Tube 14 ' and An inner annular surface of the inner wall of annular 
connector 52 ' are identical in structure , materials and bond channel 89 defines a connector channel 91 in fluid commu 
ing methods to those disclosed for tube / tube connector nication with a port channel defined by port wall 94 ' and port 
assembly 10 ' . Tube connector 52 ' has a wall 51 ' that defines base 92 ' as well of the chamber defined by capsule 90 ' . The 
a tube bore 58 ' dimensioned to receive and register against 30 cross - sectional diameter of the narrowest portion of connec 
the outer surface of tube wall 16 ' . A bottom end of the tube tor channel 91 may be substantially the same as , or not 
bore is formed as an annular channel , designated generally substantially less than the cross - sectional diameter of the 
as 57 , and is similar in construction and function channel lumen of tube 14 ' taken at a relaxed , unstressed portion of 
24 ' of connector 12 ' in that it has an inner channel wall the tube . 
having a frustoconical shape in cross - section that creates a 35 A bottom end of connector 82 ' has an annular wall 86 ' that 
restriction surface to mechanically lock tube 14 ' to the defines a bore dimensioned to receive the outer wall of 
connector when bonded to the connector . The bottom sur capsule port 94 ' . This connector / port connection differs from 
face of channel 24 ' functions as a stop and registration the connector / port connection shown in FIG . 7 in that 
surface for tube 14 ' when the tube is inserted into and connector 82 ' does not define an annular channel to receive 
bonded to connector 52 ' . 40 the inner and outer surfaces of the port wall , but just a bore 

A port channel 68 ' defined by port 70 ' and a port base 64 to receive and register against the outer surface of the port 
is in fluid communication with tube lumen 18 ' and with the wall . This provides a less robust connection , but an adequate 
filter chamber defined by capsule 62 ' . The cross - sectional one to handle the applications to which the capsule is put to 
diameter of channel 68 ' is dimensioned to be substantially use as well as the post - use sterilization procedures . Like 
the same as , or not less than the cross - sectional diameter of 45 tube / tube connector / capsule port assembly 50 ' , tube / tube 
the tube lumen defined by an unstressed , relaxed segment of connector / capsule port assembly 80 ' can be constructed 
tube 14 ' . As shown in FIG . 7 , capsule 62 ' represents one end from the same materials disclosed for the components of 
of a complete capsule , the remainder of which is not shown assembly 50 in either a one - step or two - step process such as 
for purposes of simplicity . It should be understood that the those disclosed for assembly 50 . 
remainder of the capsule housing will include additional 50 Like tube / tube connector assembly 10 , barb connector 82 ' 
ports that may be configured with tube / tube connector may be secured to a dual - walled , reinforced tube such as 
assemblies . dual - walled tube 14 " shown in FIGS . 13 and 14. The 
An annular port channel 56 is formed on a distal end of primary difference is the dimensional modifications needed 

connector 52 ' and is dimensioned to receive the annular wall to receive a tube with a different cross - sectional diameter . 
of port 70 ' such that the inner and outer surfaces of the wall 55 The materials and methods used to secure tube 147 to 
register against the walls of annular bore 56 ' . A top surface connector 82 ' , and the considerations that impact such a 
of the port wall is further registered against a bottom surface combination , are the same as those disclosed for the com 
of bore 56 ' so as to function as a stop and support / registra bination of tube 14 " with connector 12V . 
tion surface for the joined components . Referring to FIG . 9 , in one aspect of the disclosure , a 

The materials used to manufacture the tube , tube connec- 60 tube / connector assembly shown designated generally as 10 " 
tor and capsule are the same as those disclosed for tube 14 , includes a tube designated generally as 14 " secured to a tube 
tube connector 12 and capsule 62 hereinabove . Tube / tube connector designated generally as 12 " . Tube 14 " has an 
connector / capsule port assembly 50 ' may be formed in a annular wall 16 " that defines a lumen 18 " like tube 14 
one - step or two - step process such as those described for disclosed herein . 
assembly 50 herein . Connector 12 " has an annular wall 19 that defines a tube 

Like tube / tube connector assembly 10 , barb connector 52 channel designated generally as 20 " dimensioned to receive 
may be secured to a dual - walled , reinforced tube such as and register against the inner and outer walls of tube 14 " . 

65 
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Tube channel 20 " comprises a channel outer wall 21 " , a cross - sectional diameter substantially similar to the cross 
annular channel bottom 22 " and a channel inner wall 23 " . sectional diameter of lumen 18 " at a relaxed or unstressed 
Annular channel bottom 22 " forms a mechanical stop for the portion of tube 14 " . 
tube end when inserted into connector 12 " . This configura Tube 14 " is secured to barb connector 32 " in the same 
tion creates a tube rigidifying structure that mechanically 5 manner disclosed for tube / tube connector assembly 10. The 
enhances the segment of the tube secured in the channel . materials used to construct barb connector 32 " are the same 
When thermal bonding is applied and the tube material is materials disclosed for tube connector 12. The methods used 
allowed to flow and expand in the channel , the tube is to secure tube 14 " to barb connector 32 " are the same as 
radially restricted by the walls of the channel to maintain the those disclosed for tube / tube connector assembly 10. The 
cross - sectional dimensional integrity of tube 14 " . The cross 10 barb permits connection to other tubes used to deliver or 
sectional diameter of a tube bore 25 defined by an inner receive liquids and / or gases depending upon the functional 
surface of inner wall channel 23 " may be dimensioned to be assignment given to the tube / barb connector assembly , i.e. , 
substantially similar to , or essentially not less than the inlet , outlet , vent . 
cross - sectional diameter of the lumen of a relaxed or Like tube / tube connector assembly 10 , barb connector 32 " 
unstressed segment of tube 14 " . 15 may be secured to a dual - walled , reinforced tube such as 

A second capsule bore 26 " is formed on a bottom end of dual - walled tube 14 " V shown in FIGS . 13 and 14. The 
connector 12 " and dimensioned to receive a capsule port primary difference is the dimensional modifications needed 
( disclosed in more detail below . Capsule bore 26 " is in fluid to receive a tube with a different cross - sectional diameter . 
communication with tube bore 25 ( defined by an inner The materials and methods used to secure tube 14V to 
surface of channel inner wall 23 " ) and tube lumen 18 " when 20 connector 32 " , and the considerations that impact such a 
the tube is secured to the connector . Tube / tube connector combination , are the same as those disclosed for the com 
assembly 10 " is structured to be bonded directly to a capsule bination of tube 147 with connector 127V . 
port and is formed in a two - step process like assembly 10 Referring now to FIG . 11 , in a further aspect of the 
whereby the tube and connector are bonded in one process disclosure , a tube / tube connector / capsule assembly shown 
step and the tube / tube connector assembly is bonded to the 25 designated generally as 50 " includes a tube 14 " secured to a 
capsule in a second process step . In an alternative embodi tube connector 52 " secured to a capsule port 70 " . Tube 14 " 
ment , the tube , tube connector and capsule port are bonded and connector 52 " are identical in structure , materials and 
together in a single processing step when the capsule is bonding methods to those disclosed for tube / tube connector 
molded as disclosed more fully herein . assembly 10 " . Tube connector 52 " has an annular wall 54 

Tube 14 " may be constructed from same materials dis- 30 that defines an annular tube channel designated generally as 
closed for tube 14. Tube connector 12 " may be constructed 55 dimensioned to receive and register against the inner and 
from the same materials disclosed for tube connector 12 . outer walls of tube 14 " . Tube channel 55 comprises a 

Like tube / tube connector assembly 10 , barb connector 12 " channel out wall 56 , an annular channel bottom 57 and a 
may be secured to a dual - walled , reinforced tube such as channel inner wall 58. Annular channel bottom 57 forms a 
dual - walled tube 14 " V shown in FIGS . 13 and 14. The 35 mechanical stop and registration surface for the tube end 
primary difference is the dimensional modifications needed when inserted into , and bonded to , connector 52 " . 
to receive a tube with a different cross - sectional diameter . Like the similar structures disclosed herein for assembly 
The materials and methods used to secure tube 14 " to 10 " , this configuration creates a tube rigidifying structure 
connector 12 " , and the considerations that impact such a that mechanically enhances the segment of the tube secured 
combination , are the same as those disclosed for the com- 40 in the channel . When thermal bonding is applied and the 
bination of tube 14 " with connector 12 . tube material is allowed to flow and expand in the channel , 

Referring now to FIG . 10 , in another aspect of the the tube is radially restricted by the walls of the channel to 
disclosure , a tube / barb connector assembly shown desig maintain the cross - sectional dimensional integrity of tube 
nated generally as 30 " includes a tube designated generally 14 " . The cross - sectional diameter of a tube bore 59 defined 
as 14 " secured to a barb connector designated generally as 45 by an inner surface of inner wall channel 58 may be 
32 " . Like connector 12 " , barb connector 32 " has an annular dimensioned to be substantially similar to , or essentially not 
wall 33 that defines a tube channel designated generally as less than the cross - sectional diameter of the tube lumen at a 
35 dimensioned to receive and register against the inner and relaxed or unstressed segment of tube 14 " . 
outer walls of tube 14 " . Tube channel 35 comprises a A port channel 68 " defined by port 70 " and a port base 64 " 
channel outer wall 36 , an annular channel bottom 38 and a 50 is in fluid communication with tube lumen 18 " and with the 
channel inner wall 37. Annular channel bottom 38 forms a filter chamber defined by capsule 62 " . The cross - sectional 
mechanical stop for the tube end when inserted into con diameter of channel 68 " may be dimensioned to be substan 
nector 32 " . Again , this configuration creates a tube rigidi tially the same as , or not less than the cross - sectional 
fying structure that mechanically enhances the segment of diameter of tube lumen 18 " defined at an unstressed , relaxed 
the tube secured in the channel . 55 segment of tube 14 ' . As shown in FIG . 11 , capsule 62 " 
When thermal bonding is applied and the tube material is represents one end of a complete capsule , the remainder of 

allowed to flow and expand in the channel , the tube is which is not shown for purposes of simplicity . It should be 
radially restricted by the walls of the channel to maintain the understood that the remainder of the capsule housing will 
cross - sectional dimensional integrity of tube 14 " . The cross include additional ports that may be configured with tube / 
sectional diameter of a tube bore 34 defined by an inner 60 tube connector assemblies . 
surface of inner wall channel 37 may be dimensioned to be An annular port bore 61 is formed on a distal end of 
substantially similar to , or essentially not less than the connector 52 " and is dimensioned to receive the annular wall 
cross - sectional diameter of the tube lumen at a relaxed or of port 70 " such that the inner and outer surfaces of the wall 
unstressed segment of tube 14 " . register against the walls of port bore 61. A top surface of the 

A distal end of barb connector 32 " is formed as a barb 65 port wall is further registered against a bottom surface of 
connection 39 with at least one radially extending barb 40 " . bore 61 so as to function as a stop and support / registration 
Barb connection 39 defines a barb lumen 42 " that may have surface for the joined components . 
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The materials used to manufacture the tube / tube connec stress relief to the connector / tube junction . As shown in the 
tor / capsule assembly 50 " are the same as those disclosed for figures , a connector / tube assembly shown designated gen 
tube 14 , tube connector 12 and capsule 62 hereinabove . erally as 100 includes a connector 102 secured about a tube 
Assembly 50 ' may be formed in a one - step or two - step 104. As highlighted in FIG . 18 , the connector / tube junction 
process such as those described for assembly 50 herein . 5 106 creates a weak zone where the support of connector 102 
Like tube / tube connector assembly 10 , barb connector 52 " ends . This is a flexion point with the connector functioning 

may be secured to a dual - walled , reinforced tube such as as an anchor 108 to the supported segment of the tube 110 
dual - walled tube 14 " shown in FIGS . 13 and 14. The against which the unsupported segment of the tube 112 
primary difference is the dimensional modifications needed particularly as the junction , can bend and become weakened . 
to receive a tube with a different cross - sectional diameter . 10 To limit the degree of flexion , as shown in FIG . 18 , a 
The materials and methods used to secure tube 14 " to modified connector / tube assembly designated generally as 
connector 52 " , and the considerations that impact such a 100 ' has the same basic features as assembly 100. A con 
combination , are the same as those disclosed for the com nector 102 ' is secured to a segment 110 ' of a tube 104 ' . A 
bination of tube 147 with connector 121V . flexion zone is formed at the connector / tube junction 106 ' . 

Referring now to FIG . 12 , in a still further aspect of the 15 This leaves an unsupported tube segment 112 ' . To support 
disclosure , a tube / tube connector / capsule port assembly is the flexion zone , an annular tube support collar 114 ' is 
shown designated generally as 80 " . Assembly 80 " includes formed extending from the peripheral end of connector 102 ' . 
tube 14 " , a tube connector designated generally as 82 " and The gap 116 ' between collar 114 ' and tube 104 ' permits some 
a capsule designated generally as 90 " . Connector 82 " has the flexion and range of motion for the tube to accommodate any 
same features and is structured in the same manner as tube 20 need to direct the tube away from a perpendicular orienta 
connector 12 " shown in FIG . 9 . tion to the connector when connected to a larger assembly 

Connector 82 ' has a connector wall 83 ' that an annular ( not shown ) . The length of support collar 114 ' can be 
tube channel designated generally as 85 dimensioned to adjusted to increase or decrease the range of tube flexion 
receive and register against the inner and outer walls of tube permitted . A shorter collar will permit a greater range of 
14 " . Tube channel 85 comprises a channel outer wall 86 , an 25 flexion while a longer collar will permit a relatively shorter 
annular channel bottom 87 and a channel inner wall 88 . range of tube flexion . Optionally , an additional ring ( not 
Annular channel bottom 87 forms a mechanical stop and shown ) may be formed about the collar from reinforcing 
registration surface for the tube end when inserted into , and material , e.g. , metal , to provide additional rigidity , if needed . 
bonded to , connector 82 " . Like the similar structures dis Referring now to FIGS . 20-36 , in a further aspect of the 
closed herein for assembly 10 " , this configuration creates a 30 disclosure , a tube / tube connector / capsule assembly train 
tube rigidifying structure that mechanically enhances the shown designated generally as 120 includes a series of 
segment of the tube secured in the channel . When thermal capsule assemblies 122 ( two shown in FIG . 20 ) , connected 
bonding is applied and the tube material is allowed to flow by lengths of tube 126. As used a tube / tube connec 
and expand in the channel , the tube is radially restricted by tor / capsule assembly train defines the combination of a 
the walls of the channel to maintain the cross - sectional 35 plurality of capsule assemblies connected together with 
dimensional integrity of tube 14 " . The cross - sectional diam tubing material . As further used herein , capsule assembly 
eter of a tube bore 89 defined by an inner surface of inner defines a combination of a capsule with at least one port with 
wall channel 88 may be dimensioned to be substantially a dedicated tube connector secured to the port . Capsule 
similar to , or essentially not less than the cross - sectional assemblies may also define a capsule with two or more ports 
diameter of the tube lumen at a relaxed or unstressed 40 with at least one of the ports having a dedicated tube 
segment of tube 14 " . connector . 

A bottom end of connector 82 " has an annular wall 83 that The capsule assembly - tube combination permits multiple 
defines a bore dimensioned to receive the outer wall of capsule assemblies to be attached in a single train . Each 
capsule port 94 " . This connector / port connection differs capsule assembly in the train may have one or multiple 
from the connector / port connection shown in FIG . 11 in that 45 filters or filter media that differ from the other connected 
connector 82 " does not define an annular channel to receive capsule assemblies to impart different or sequentially refined 
the inner and outer surfaces of the port wall , but just a bore filtering functions . Illustratively , each successive down 
to receive and register against the outer surface of the port stream capsule assembly may be constructed with membra 
wall . This provides a less robust connection , but an adequate nous filter media that each have successively smaller pore 
one to handle the applications to which the capsule is put to 50 sizes and / or more dense porosities to capture smaller par 
use as well as the post - use sterilization procedures . Like ticles in the liquid being filtered . The successive capsule 
tube / tube connector / capsule port assembly 50 " , tube / tube assemblies may also be constructed with filters or filter 
connector / capsule port assembly 80 " can be constructed media having different surface energies , ( hydrophobic ver 
from the same materials disclosed for the components of sus hydrophilic ) , or structured to filter out different materi 
assembly 50 in either a one - step or two - step process such as 55 als , e.g. , oils with a filter having oleophobic properties . The 
those disclosed for assembly 50 . combinations are significantly numerous in terms of vari 

Like tube / tube connector assembly 10 , barb connector 82 " ability and adjustability to accommodate a wide range of 
may be secured to a dual - walled , reinforced tube such as filtering applications . 
dual - walled tube 14 " V shown in FIGS . 13 and 14. The For ports situated at the ends of the filter trains , the ports 
primary difference is the dimensional modifications needed 60 may be configured with a tube connector , or adapted to 
to receive a tube with a different cross - sectional diameter . connect to larger assemblies with different styled connec 
The materials and methods used to secure tube 14 " ' to tors . Capsule assemblies 122 are arranged to receive unidi 
connector 82 " , and the considerations that impact such a rectional flow , i.e. , the outlet port of the first capsule 
combination , are the same as those disclosed for the com assembly in the train is connected to the inlet port of the 
bination of tube 14 with connector 12V . 65 capsule assembly immediately downstream . The same ori 

Referring now to FIGS . 18 and 19 , in another aspect of the entation is used with each subsequent capsule assembly . It 
disclosure , a connector modification is formed to provide should be understood that the direction of flow can be 
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reversible with each outlet port being reassigned as an inlet formed by recessed annular wall 144 is greater than the 
and each inlet port being reassigned as an outlet . cross - sectional diameter of inner wall 127. Tube connector 
As with previously described aspects of the disclosure , 126 may be substantially rigid or semi - rigid with some 

the capsule assemblies are assembled with tube connectors flexion . 
and tubes to eliminate connection points for the reasons An annular tube connector channel 146 is formed proxi 
disclosed herein . Unlike the prior disclosed aspects of the mal to recessed annular wall 144 and is dimensioned to 
disclosure , the assemblies shown in FIGS . 20-36 use port / receive and register against second annular flange 136. The 
tube connector combinations that have tube reception chan segment of tube connector 126 in the region of channel 146 
nels formed by the combination of the tube connectors and and annular wall 144 may have an outer cross - sectional 
ports in which the tubes register against and between por- 10 diameter greater than the outer cross - sectional diameter of 
tions of the ports and portions of the tube connector . The the remainder of the tube connector to provide sufficient tube 
prior aspects of the disclosure involve tube reception chan connector material to create a robust connection between the 
nels formed solely in the tube connectors . tube connector and the port that can withstand the mechani 

For each capsule port for which a connection - free con cal stresses placed upon the connector when connected to 
nector is desired , a dedicated tube connector is secured to 15 port 130. The combination of the two annular flanges of port 
each of the selected ports , which , in combination with the 130 and the features of tube connector channel 146 that 
port , is constructed to receive a tube end . Port / tube connec register against the port flanges create a mechanical lock 
tor combinations are disclosed herein that provide divergent , between the port and the tube connector . 
non - constricting or constricting tube connection pathways ; When tube connector 126 is secured to port 130 , an 
convergent , non - constricting or constricting tube connection 20 annular conically - shaped , tube - receiving gap , ( tapered in 
pathways ; and / or linear , constricting tube connection path cross - section ) is formed between an outer surface of port tip 
ways to secure tubes to the connection assemblies . Each 138 and connector inner wall 127 as shown in FIG . 25. The 
embodiment is structured to maintain the cross - sectional end of port tip 138 may be radiused or chamfered to provide 
diameter of the flow path , defined by an unstressed , unob a smooth registration surface for the tube so as not to cause 
structed portion of the tube , throughout the connection point . 25 damage to the tube when urged over port tip 138. The 
More particularly , as shown in FIGS . 20 , 21 and 23 , a smaller end of the tapered annular gap is formed proximal to 

capsule assembly designated generally as 122 includes a second annular flange 136. The cross - sectional diameter of 
capsule , shown generally as 124 , that defines a filter cham the small end is dimensioned to be less than the cross 
ber in which a filter 125 is secured . An inlet port 131 sectional thickness of the wall of a tube , shown generally as 
structured to connect to a larger assembly via a tri - clamp or 30 128. This causes the tube wall at a tube end 129 to be 
the connection means known in the art extends from an compressed when inserted into the gap . The further the tube 
upstream end of the capsule 124 and defines a port in fluid is inserted into the gap , the more the compression forces 
communication with the filter chamber . increase to secure the tube in the gap until the bottom of the 

To form a connection - free junction between capsule 124 gap is reached . It should be understood that insertion to the 
and a tube , a modified port 130 , which can be either an inlet 35 bottom of the gap is not required if sufficient compression is 
port or an outlet port , is formed with a first annular flange provided against the tube wall before the tube end reaches 
132 that extends radially outwardly from the port wall to the bottom of the gap . In this regard , tube end 129 may or 
form a registration surface for tube connector 126. A top may not register against a top surface of second annular 
annular surface 133 of flange 132 functions as a registration flange 136 . 
surface for tube connector 126. A second annular flange 136 40 With respect to the use of compression forces to secure 
is formed about port 130 and extends radially outwardly tube 126 , additional or alternative means also may be used 
from the port wall . Second annular flange 136 is formed at to secure the tube to the tube connector / port combination 
a point on port 130 more distal from the base of the port than including adhesives , friction fit surfaces and mechanical 
first annular flange 132. The radial length of second annular interlocking features . Some chemical or mechanical adhe 
flange 136 is less than the radial length of first annular flange 45 sion between the tube and tube connector / port combination 
132. The combination of first annular flange 132 and second may also occur if the connection is formed in a one - step 
annular flange 136 forms an annular port channel 134 that molding process whereby the tube connector is formed 
permits the formation of a mechanical lock between the port around a pre - assembled combination of a pre - formed port 
and the tube connector as disclosed in more detail below . and a pre - formed tube with tube end 129 secured over port 

A conical port tip 138 extends beyond second annular 50 tip 138. The preassembled components are placed in a mold 
flange 136 and defines a tapered profile in cross section with for compression or injection molding of the tube connector . 
the smaller diameter of the taper being formed at the end Tube connector 126 may also be thermoformed about the 
most distal from the second annular flange . Port 130 defines tube and port combination . 
a port channel 140 that extends the length of the port and If each piece is formed separately from the others before 
remains essentially uniform in cross section along the length 55 assembly , tube connector 126 is formed from materials that 
of the port . Port channel 140 is in fluid communication with have sufficient elastic properties to permit tube connector 
the capsule filter chamber . 126 to be urged over tube end 129 and port tip 130. In such 

A tube connector , shown generally as 126 , defines a an embodiment , the tube connector can be assembled ini 
connector through - bore 142 defined by a connector inner tially to the port tip by urging tube connector 126 over port 
wall 127. In this embodiment , connector through - bore 142 is 60 tip 130 until tube connector channel 146 is positioned over 
uniform in cross section along its length , i.e. , substantially and against second annular flange 136. Tube end 129 is then 
cylindrical . A connector bottom surface 139 is constructed to urged into the gap formed by the port / tube connector com 
register against top surface 133 of first annular flange 132 . bination . 
A bottom end of tube connector 126 is formed with an Alternatively , tube connector 126 can be pre - assembled to 
annular wall 144 recessed from inner wall 127 and dimen- 65 tube 128 with tube end 129 inserted into tube connector 
sioned to fit within , and register against , bottom annular port channel 142 , the combination of which is then urged over 
channel 134. The cross - sectional diameter of the channel port tip 138 with the port tip inserted into tube channel 145 
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until second annular flange 136 is registered against , and and annular wall 144 ' may have an outer cross - sectional 
inside , tube connector channel 146. It should be understood diameter greater than the outer cross - sectional diameter of 
that any method used to assemble the port / tube connector / the remainder of the tube connector to provide sufficient tube 
tube combination is within the scope and spirit of the connector material to create a robust connection between the 
disclosure . 5 tube connector and the port that can withstand the mechani 
Once assembled , a tube channel 145 defined by tube 128 cal stresses placed upon the connector when connected to 

is in fluid communication with port channel 140. The port 130 ' . The combination of the two annular flanges of port 
cross - sectional diameter of port channel 140 may be set to 130 ' and the features of tube connector channel 146 ' that 
equal the cross - sectional diameter of a relaxed , unstretched , register against the port flanges create a mechanical lock 
uncompressed and unobstructed section of tube 128. The 10 between the port and the tube connector . 
mechanical interlocking features of port 130 and tube con When tube connector 126 is secured to port 130 ' , an 
nector 126 along with the tube receiving features of the annular conically - shaped , tube - receiving gap , tapered in 
port / tube connector combination provide a robust , substan cross - section ) is formed between an outer surface of port tip 
tially air - tight and fluid - tight seal between the port / tube 138 ' and connector inner wall 127 ' as shown in FIG . 24. The 
connector combination and the attached tube . 15 smaller end of the tapered annular gap is formed proximal to 

The port / tube connector combination shown in FIGS . 21 second annular flange 136 ' . The cross - sectional diameter of 
and 23 represents a linear , constricting tube embodiment in the small end is dimensioned to be less than the cross 
that one of the tube registration surfaces of the port tip sectional thickness of the wall of a tube , shown generally as 
and / or tube connector is substantially parallel with a longi 128 ' . This causes the tube wall at a tube end 129 ' to be 
tudinal axis of the tube . In the case of the embodiment 20 compressed when inserted into the gap . The further the tube 
shown in FIGS . 21 and 23 , connector inner wall 127 is is inserted into the gap , the more the compression forces 
substantially parallel with the tube connector's longitudinal increase to secure the tube in the gap until the bottom of the 
axis . The tapered outer surface of port tip 138 in cross gap is reached . It should be understood that insertion to the 
section in combination with inner wall 127 creates a struc bottom of the gap is not required if sufficient compression is 
tural constriction feature that constricts the wall of tube 128. 25 provided against the tube wall before the tube end reaches 

In an alternate embodiment shown in FIGS . 22 and 24 , a the bottom of the gap . In this regard , tube end 129 ' may or 
capsule assembly designated generally as 122 ' includes a may not register against a top surface of second annular 
capsule , shown generally as 124 ' . To form a connection - free flange 136 ' . 
junction between capsule 124 ' and a tube , a modified port With respect to the use of compression forces to secure 
130 ' , which can be either an inlet port or an outlet port , is 30 tube 126 ' , additional or alternative means may also be used 
formed with a first annular flange 132 ' that extends radially to secure the tube to the tube connector / port combination 
outwardly from the port wall to form a registration surface including adhesives , friction fit surfaces and mechanical 
for a tube con ctor 126 ' . A top annular surface 133 ' of interlocking features . Some adhesion between the tube and 
flange 132 ' functions as a registration surface for tube tube connector / port combination may also occur if the 
connector 126 ' . A second annular flange 136 ' is formed about 35 connection is formed in a one - step molding process whereby 
port 130 ' and extends radially outwardly from the port wall . the tube connector is formed around a pre - assembled com 
Second annular flange 136 ' is formed at a point on port 130 bination of a pre - formed port and a pre - formed tube with 
more distal from the base of the port than first annular flange tube end 129 ' secured over port tip 138 ' . The preassembled 
132 ' . The radial length of second annular flange 136 ' is less components are placed in a mold for compression or injec 
than the radial length of first annular flange 132 ' . The 40 tion molding of the tube connector . Tube connector 126 ' may 
combination of first annular flange 132 ' and second annular also be thermoformed about the tube and port combination . 
flange 136 ' forms an annular port channel 134 ' that permits If each piece is formed separately from the others before 
the formation of a mechanical lock between the port and assembly , tube connector 126 ' is formed from materials that 
tube connector 126 ' as disclosed in more detail below . have sufficient elastic properties to permit tube connector 

A port tip 138 ' extends beyond second annular flange 136 ' 45 126 ' to be urged over tube end 129 ' and port tip 130 ' . In such 
with a cylindrical outer wall . Port 130 ' defines a port channel an embodiment , the tube connector can be assembled ini 
140 ' that extends the length of the port and remains essen tially to the port tip by urging tube connector 126 ' over port 
tially uniform in cross section along the length of the port . tip 130 ' until tube connector channel 146 ' is positioned over 
Port channel 140 ' is in fluid communication with a capsule and against second annular flange 136 ' . Tube end 129 ' is then 
filter chamber ( not shown ) defined by filter capsule 124 ' . 50 urged into the gap formed by the port / tube connector com 

A tube connector , shown generally as 126 ' , defines a bination . 
connector through - bore 142 ' defined by a conical connector Alternatively , tube connector 126 ' can be pre - assembled 
inner wall 127 ' . Connector wall 127 ' is tapered in cross to tube 128 ' with tube end 129 ' inserted into tube connector 
section with the smaller diameter end of the taper located at channel 142 ' , the combination of which is then urged over 
a lower end of tube connector 126. A tube connector bottom 55 port tip 138 ' with the port tip inserted into tube channel 145 ' 
surface 139 ' is constructed to register against top surface until second annular flange 136 ' is registered against , and 
133 ' of first annular flange 132 ' . A bottom end of tube inside , tube connector channel 146 ' . It should be understood 
connector 126 ' is formed with an annular wall 144 ' recessed that any method used to assemble the port / tube connector / 
from inner wall 127 ' and dimensioned to fit within , and tube combination is within the scope and spirit of the 
register against , bottom annular port channel 134 ' . The 60 disclosure . 
cross - sectional diameter of the channel formed by recessed Once assembled , a tube channel 145 ' defined by tube 128 
annular wall 144 ' is greater than the cross - sectional diameter is in fluid communication with port channel 140 ' . The 
of inner wall 127 ' at its lower end . cross - sectional diameter of port channel 140 ' may be set to 
An annular tube connector channel 146 ' is formed proxi equal the cross - sectional diameter of a relaxed , unstretched , 

mal to recessed annular wall 144 ' and is dimensioned to 65 uncompressed section of tube 128 ' . The mechanical inter 
receive and register against second annular flange 136 ' . The locking features of port 130 ' and tube connector 126 ' along 
segment of tube connector 126 ' in the region of channel 146 ' with the tube receiving features of the port / tube connector 
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combination provide a robust , substantially air and fluid tion between the tube connector and the port that can 
tight seal between the port / tube connector combination and withstand the mechanical stresses placed upon the connector 
the attached tube . when connected to port 130 " . The combination of the two 

The port / tube connector combination shown in FIGS . 22 annular flanges of port 130 " and the features of tube con 
and 24 represents a linear , constricting tube embodiment in 5 nector channel 146 " that register against the port flanges 
that one of the tube registration surfaces of the port tip create a mechanical lock between the port and the tube and / or tube connector is substantially parallel with a longi connector . 
tudinal axis of the tube . In the case of the embodiment When tube connector 126 " is secured to port 130 " , an shown in FIGS . 22 and 24 , the cylindrical outer wall of port annular conically - shaped , divergent tube - receiving gap , ( ta tip 130 ' is substantially parallel with the tube connector's 10 pered in cross - section ) is formed between an outer surface of longitudinal axis . The conical inner wall 127 ' of tube con port tip 138 " and connector inner wall 127 " as shown in FIG . nector 126 ' in combination with the cylindrical outer wall of 27. The smaller end of the tapered annular gap is formed port tip 130 ' creates a structural constriction feature that 
constricts the wall of tube 128 ' when positioned in the distal from second annular flange 136 " . In this embodiment , gap 
formed between inner wall 127 ' and the cylindrical outer is the cross - sectional diameter of the gap , i.e. , the distance 
wall of port tip 130 ' . between the outer surface of port tip 138 " and connector 

Referring now to FIGS . 25 and 27 , in a yet further inner wall 127 " is maintained substantially uniform along 
embodiment of the disclosure , a capsule assembly desig the length of the gap . The gap may or may not be dimen 
nated generally as 122 " includes a capsule , shown generally sioned to be equal to , or less than the thickness of a wall of 
as 124 " . To form a connection - free junction between capsule 20 a tube , shown generally as 128 " . If the gap is dimensioned 
124 " and a tube , a modified port 130 " , which can be either to be less than the thickness of the tube wall , this will cause 
an inlet port or an outlet port , is formed with a first annular the tube wall at a tube end 129 " to be compressed when 
flange 132 " that extends radially outwardly from the port inserted into the gap as well as stretched out the further the 
wall to form a registration surface for tube connector 126 " . tube is inserted into the gap . If the gap is dimensioned to be 
A top annular surface 133 " of flange 132 " functions as a 25 substantially the same as the thickness of the tube wall , the 
registration surface for tube connector 126 " . A second tube wall will not be compressed . Instead , the conical shape 
annular flange 136 " is formed about port 130 " and extends of the gap , which diverges increasingly from the longitudi radially outwardly from the port wall . Second annular flange nal axis of the tube as the tube is urged further into the gap , 
136 " is formed at a point on port 130 " more distal from the will stretch out tube end 129 " to secure tube 128 " to tube 
base of the port than first annular flange 132 " . The radial 30 connector 126 " . The further the tube is inserted into the gap , length of second annular flange 136 " is less than the radial the more stretched out tube end 129 " will be . It should be length of first annular flange 132 " . The combination of first understood that insertion to the bottom of the gap is not annular flange 132 " and second annular flange 136 " forms an 
annular port channel 134 " that permits the formation of a required if the tube end is stretched sufficiently to secure the 
mechanical lock between the port and the tube connector as 35 tube to the port / tube connector combination . In this regard , 
disclosed in more detail below . tube end 129 " may or may not register against a top surface 

A conical port tip 138 " extends beyond second annular of second annular flange 136 " . 
flange 136 " and defines a tapered profile in cross section With respect to the use of compression forces to secure 
with the smaller diameter of the taper being formed at the tube 126 " , additional or alternative means may also be used 
end most distal from second annular flange 136 " . Port 130 " 40 to secure the tube to the tube connector / port combination 
defines a port channel 140 " that extends the length of the including adhesives , friction fit surfaces and mechanical 
port and remains essentially uniform in cross section along interlocking features . Some adhesion between the tube and 
the length of the port . Port channel 140 " is in fluid commu tube connector / port combination may also occur if the 
nication with a capsule filter chamber ( not shown ) defined connection is formed in a one - step molding process whereby 
by capsule 124 " . 45 the tube connector is formed around a pre - assembled com 

A tube connector , shown generally as 126 " , defines a bination of a pre - formed port and pre - formed tube with tube 
connector through - bore 142 " defined by a conical connector end 129 " secured over port tip 138 " . The preassembled 
inner wall 127 " . In this embodiment , connector wall 127 " is components are placed in a mold for compression or injec 
formed with a conical profile ( taper in cross - section ) , tion molding of the tube connector . Tube connector 126 " 
wherein the channel formed by inner wall 127 " has a smaller 50 may also be thermoformed about the tube and port combi 
cross - sectional diameter at an upper end of tube connector nation . 
126 " . A connector bottom surface 139 " is constructed to If each piece is formed separately from the others before 
register against top surface 133 " of first annular flange 132 " . assembly , tube connector 126 " is formed from materials that 
A bottom end of tube connector 126 " is formed with an have sufficient elastic properties to permit tube connector 
annular wall 144 " recessed from inner wall 127 " and dimen- 55 126 " to be urged over tube end 129 " and port tip 130 " . In 
sioned to fit about and register against bottom annular port such an embodiment , the tube connector can be assembled 
channel 134 " . The cross - sectional diameter of the channel initially to the port tip by urging tube connector 126 " over 
formed by recessed annular wall 144 " is less than the port tip 130 " until tube connector channel 146 " is positioned 
cross - sectional diameter of inner wall 127 " at its lower end . over and against second annular flange 136 " . Tube end 129 " 
An annular tube connector channel 146 " is formed proxi- 60 is then urged into the gap formed by the port / tube connector 

mal to recessed annular wall 144 " and is dimensioned to combination . 
receive and register against second annular flange 136 " . The Alternatively , tube connector 126 " can be pre - assembled 
segment of tube connector 126 " in the region of channel to tube 128 " with tube end 129 " inserted into tube connector 
146 " and annular wall 144 " may have an outer cross channel 142 " , the combination of which is then urged over 
sectional diameter greater than the outer cross - sectional 65 port tip 138 " with the port tip inserted into tube channel 145 " 
diameter of remainder of the tube connector to provide until second annular flange 136 " is registered against , and 
sufficient tube connector material to create a robust connec inside , tube connector channel 146 " . It should be understood 
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that any method used to assemble the port / tube connector / the channel formed by recessed annular wall 144 " " is greater 
tube combination is within the scope and spirit of the than the cross - sectional diameter of the lower end of inner 
disclosure . wall 127 " " . 
Once assembled , a tube channel 145 " defined by tube An annular tube connector channel 146 ' " is formed proxi 

128 " is in fluid communication with port channel 140 " . The 5 mal to recessed annular wall 144 " " and is dimensioned to 
cross - sectional diameter of port channel 140 " may be set to receive , and register against , second annular flange 136 ' " . 
equal the cross - sectional diameter of a relaxed , unstretched , The segment of tube connector 126 ' ' ' in the region of channel 
uncompressed and unobstructed section of tube 128 " . The 146 " " and annular wall 144 " " may have an outer cross 
mechanical interlocking features of port 130 " and tube sectional diameter greater than the outer cross - sectional 
connector 126 " along with the tube receiving features of the diameter of the remainder of the tube connector to provide 
port / tube connector combination provide a robust , substan sufficient tube connector material to create a robust connec 
tially air - tight and fluid - tight seal between the port / tube tion between the tube connector and the port that can 
connector combination and the attached tube . withstand the mechanical stresses placed upon the connector 

The port / tube connector combination shown in FIGS . 25 when connected to port 130 " " . The combination of the two 
and 27 represents a divergent , non - constricting tube embodi annular flanges of port 130 ' and the features of tube 
ment in that the tube registration surfaces of the port tip and connector channel 146 ' ' ' that register against the port flanges 
the tube connector diverge from the longitudinal axis of the create a mechanical lock between the port and the tube 
tube the further the gap extends from the tube insertion point connector . 
at the distal end of the port tip . In the case of the embodiment 20 When tube connector 126 " " is secured to port 130 ' " , an 
shown in FIGS . 25 and 27 , the conical outer wall of port tip annular conically - shaped , convergent tube - receiving gap , 
130 " remains substantially parallel with the conical inner ( tapered in cross - section ) is formed between an outer surface 
wall 127 " of tube connector 126 " with the distance between of port tip 138 ' ' and connector inner wall 127 " " as shown in 
the tube registration surfaces being substantially equal to the FIG . 28. The smaller end of the tapered annular gap is 
thickness of tube 128 " so as not to constrict the wall of tube 25 formed proximal to second annular flange 136 " " . In this 
128 " . Thus , the embodiment is defined as a divergent , embodiment , the cross - sectional diameter of the gap , i.e. , the 
non - constricting tube embodiment . distance between the outer surface of port tip 138 ' " and 

Referring now to FIGS . 26 and 28 , in a further embodi connector inner wall 127 " is maintained substantially uni 
ment of the disclosure , a capsule assembly designated gen form along the length of the gap . 
erally as 122 " includes a capsule , shown generally as 124 " . The gap may or may not be dimensioned to be equal to , 

or less than , the thickness of a wall of a tube , shown To form a connection - free junction between capsule 124 " 
and a tube , a modified port 130 ' ' , which can be either an inlet generally as 128 ' " . If the gap is dimensioned to be less than 

the thickness of the tube wall , this will cause the tube wall port or an outlet port , is formed with a first annular flange 
132 ' ' that extends radially outwardly from the port wall to 35 gap as well as stretched out at the distal end of the port at a tube end 129 ' " to be compressed when inserted into the 
form a registration surface for a tube connector 126 ' " . A top tip / tube connector combination as the tube is inserted into annular surface 133 ' " ' of flange 132 " functions as a regis the gap . If the gap is dimensioned to be substantially the 
tration surface for tube connector 126 " " . A second annular same as the thickness of the tube wall , the tube wall will not 
flange 136 ' ' is formed about port 130 ' ' and extends radially be compressed . Instead , the conical shape of the 
outwardly from the port wall . Second annular flange 136 ' ' is 40 converges increasingly toward the longitudinal axis of the 
formed at a point on port 130 " " more distal from the base of tube as the tube is urged further into the gap , will stretch out 
the port than first annular flange 132 " " . The radial length of tube end 129 ' " as it passes the distal end of the port tip / tube 
second annular flange 136 ' " is less than the radial length of connector combination and return tube end 129 ' ' toward its 
first annular flange 132 ' " . The combination of first annular initial unstretched condition as the tube end travels toward 
flange 132 " ' and second annular flange 136 " " forms an 45 the lower end of the gap . The further the tube is inserted into 
annular port channel 134 " " that permits the formation of a the gap , the further the stretched - out portion of the tube will 
mechanical lock between the port and the tube connector as be from tube end 129 " . It should be understood that inser 
disclosed in more detail below . tion of the tube to the bottom of the gap is not required if the 

A conical port tip 138 ' " extends beyond second annular distance between the stretched section of the tube and the 
flange 136 ' ' and defines a tapered profile in cross section 50 tube end is sufficient to secure the tube to the port / tube 
with the smaller diameter of the taper being formed proxi connector combination . In this regard , tube end 129 ' ' may or 
mal to second annular flange 136 " . Port 130 ' " defines a port may not register against a top surface of second annular 
channel 140 ' that extends the length of the port and remains flange 136 " . 
essentially uniform in cross - section along the length of the With respect to the use of compression forces to secure 
port . Port channel 140 " ' is in fluid communication with the 55 tube 126 ' ' , additional or alternative means may also be used 
capsule filter chamber . to secure the tube to the tube connector / port combination 

A tube connector , shown generally as 126 " " , defines a including adhesives , friction fit surfaces and mechanical 
conical connector through - bore 142 ' " defined by a conical interlocking features . Some adhesion between the tube and 
connector inner wall 127 " " . In this embodiment , connector tube connector / port combination may also occur if the 
wall 127 " " is tapered in cross - section with the smaller 60 connection is formed in a one - step molding process whereby 
diameter end of the taper located at a lower end of tube the tube connector is formed around a pre - assembled com 
connector 126 " " . A connector bottom surface 139 " is con bination of a pre - formed port and pre - formed tube with tube 
structed to register against top surface 133 ' ' of first annular end 129 " secured over port tip 138 " " . The preassembled 
flange 132 ' " . A bottom end of tube connector 126 " " is formed components are placed in a mold for compression or injec 
with an annular wall 144 " ' recessed from inner wall 127 " ' ' 65 tion molding of the tube connector . Tube connector 126 " " 
and dimensioned to fit within , and register against , bottom may also be thermoformed about the tube and port combi 
annular port channel 134 " " . The cross - sectional diameter of nation . 

gap , which 
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If each piece is formed separately from the others before A conical port tip 138?V extends beyond second annular 
assembly , tube connector 126 " is formed from materials that flange 136 and defines a tapered profile in cross section 
have sufficient elastic properties to permit tube connector with the smaller diameter of the taper being formed at the 
126 ' ' to be urged over tube end 129 ' " and port tip 130 " . In end most distal to second annular flange 1367 ' . Port 130 
such an embodiment , the tube connector can be assembled 5 defines a port channel 140 " V that extends the length of the 
initially to the port tip by urging tube connector 126 " " over port and remains essentially uniform in cross section along 
port tip 130 ' " until tube connector channel 146 ' ' is posi the length of the port . Port channel 140 ' is in fluid com 
tioned over and against second annular flange 136 ' " . Tube munication with a capsule filter chamber ( not shown ) 
end 129 ' " is then urged into the gap formed by the port / tube defined by capsule 124 ? ' . 

A tube connector , shown generally as 1267 ' , defines a connector combination . connector through - bore 142 " defined by a conical connector Alternatively , tube connector 126 " ' can be pre - assembled inner wall 1271V . In this embodiment , inner wall 1271V is to tube 128 " " with tube end 129 ' ' inserted into tube connector tapered in cross section with the smaller end of the taper channel 142 " " , the combination of which is then urged over being formed proximal to second annular flange 1367 ' . A port tip 138 ' ' with the port tip inserted into tube channel 15 connector bottom surface 139 is constructed to register 145 ' " until second annular flange 136 ' " is registered against , against top surface 1331V of first annular flange 1327V . A 
and inside , tube connector channel 146 ' " . It should be bottom end of tube connector 1267 is formed with an 
understood that any method used to assemble the port / tube annular wall 144 recessed from inner wall 127TV and 
connector / tube combination is within the scope and spirit of dimensioned to fit within , and register against , bottom 
the disclosure . 20 annular port channel 1347V . The cross - sectional diameter of 
Once assembled , a tube channel 145 ' " defined by tube the channel formed by recessed annular wall 144V is greater 

128 " " is in fluid communication with port channel 140 ' " . The than the cross - sectional diameter of through - bore 142 ? ' at 
cross - sectional diameter of port channel 140 ' ' may be set to the smaller taper end . 
equal the cross - sectional diameter of a relaxed , unstretched , An annular tube connector channel 1467 " is formed proxi 
uncompressed section of tube 128 ' " . The mechanical inter- 25 mal to recessed annular wall 144 and is dimensioned to 
locking features of port 130 " " and tube connector 126 ' ' along receive , and register against , second annular flange 1367 " . 
with the tube receiving features of the port / tube connector The segment of tube connector 1267 ' in the region of 
combination provide a robust , substantially air - tight and channel 1461V and annular wall 1441V may have an outer 
fluid - tight seal between the port / tube connector combination cross - sectional diameter greater than the outer cross - sec 
and the attached tube . 30 tional diameter of the remainder of the tube connector to 

The port / tube connector combination shown in FIGS . 26 provide sufficient tube connector material to create a robust 
and 28 represents a convergent , non - constricting tube connection between the tube connector and the port that can 
embodiment in that the tube registration surfaces of the port withstand the mechanical stresses placed upon the connector 
tip and the tube connector converge toward the longitudinal when connected to port 130 ?. The combination of the two 
axis of the tube the further the gap extends from the tube 35 annular flanges of port 130 and the features of tube 
insertion point at the distal end of the port tip . In the case of connector channel 1467 that register against the port flanges 
the embodiment shown in FIGS . 26 and 28 , the conical outer create a mechanical lock between the port and the tube 
wall of port tip 130 " " remains substantially parallel with the connector . 
conical inner wall 127 " " ' of tube connector 126 " " with the When tube connector 1261V is secured to port 130 % , an 
distance between the tube registration surfaces being sub- 40 annular conically - shaped , tube - receiving gap , ( tapered in 
stantially equal to the thickness of tube 128 ' " so as not to cross - section ) is formed between an outer surface of port tip 
constrict the wall of tube 128 " " . Thus , the embodiment is 138?V and connector inner wall 1271V as shown in FIG . 29 . 
defined as a convergent , non - constricting tube embodiment . The smaller end of the tapered annular gap is formed 
Conversely , if the distance between the outer wall of port tip proximal to second annular flange 136. The cross - sectional 
130 ' ' and inner wall 127 " " is less than the thickness of the 45 diameter of the small end is dimensioned to be less than the 
wall of tube 128 " ' , the embodiment would be characterized cross - sectional thickness of the wall of a tube , shown 
as a convergent , constricting tube embodiment . generally as 128 " " . This causes the tube wall at a tube end 

Referring now to FIGS . 29 and 31 , in another embodi 1291V to be compressed when inserted into the gap . The 
ment of the disclosure , a capsule assembly designated gen further the tube is inserted into the gap , the more the 
erally as 122TV includes a capsule , shown generally as 124 ? ' . 50 compression forces increase to secure the tube in the gap 
To form a connection - free junction between capsule 124TV until the bottom of the gap is reached . It should be under 
and a tube , a modified port 130 " , which can be either an stood that insertion to the bottom of the gap is not required 
inlet port or an outlet port , is formed with a first annular if sufficient compression is provided against the tube wall 
flange 132TV that extends radially outwardly from the port before the tube end reaches the bottom of the gap . In this 
wall to form a registration surface for tube connector 1261. 55 regard , tube end 1291V may or may not register against a top 
A top annular surface 1331V of flange 1327V functions as a surface of second annular flange 1367 ' . 
registration surface for tube connector 1267. A second With respect to the use of compression forces used to 
annular flange 1361V is formed about port 130 and extends secure tube 1267 ' , in similar fashion to the other disclosed 
radially outwardly from the port wall . Second annular flange embodiments , additional or alternative means may also be 
136?V is formed at a point on port 130+ more distal from the 60 used to secure the tube to the tube connector / port combina 
base of the port than first annular flange 132 ' . The radial tion including adhesives , friction fit surfaces and mechanical 
length of second annular flange 1367V is less than the radial interlocking features . Some adhesion between the tube and 
length of first annular flange 132. The combination of first tube connector / port combination may also occur if the 
annular flange 132 and second annular flange 136V forms connection is formed in a one - step molding process whereby 
an annular port channel 134 " V that permits the formation of 65 the tube connector is formed around a pre - assembled com 
a mechanical lock between the port and the tube connector bination of a pre - formed port and pre - formed tube with tube 
as disclosed in more detail below . end 1291V secured over port tip 138TV . The preassembled 
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components are placed in a mold for compression or injec the port than first annular flange 132 " . The radial length of 
tion molding of the tube connector . Tube connector 1267V second annular flange 136 is less than the radial length of 
may also be thermoformed about the tube and port combi first annular flange 132 " . The combination of first annular 
nation . flange 132 and second annular flange 136 ' forms an annu 

If each piece is formed separately from the others before 5 lar port channel 134 " that permits the formation of a 
assembly , tube connector 1267V is formed from materials mechanical lock between the port and the tube connector as that have sufficient elastic properties to permit tube connec disclosed in more detail below . tor 126 ? to be urged over tube end 12911 and port tip 130 ' ' . A conical port tip 138 ” extends beyond second annular 
In such an embodiment , the tube connector can be 
assembled initially to the port tip by urging tube connector 10 with the smaller diameter of the taper being formed proxi flange 136 and defines a tapered profile in cross section 
126 V over port tip 130 until tube connector channel 1467 
is positioned over and against second annular flange 1367 ' . mal to second annular flange 136 ” . The larger end of the port 
Tube end 129 V is then urged into the gap formed by the tip taper may have the annular edges of the distal end 
port / tube connector combination . chamfered or radiused to present a smooth transition surface 

Alternatively , tube connector 126 " can be pre - assembled 15 for receiving a tube as disclosed in more detail herein . Port 
to tube 128TV with tube end 129 " inserted into tube con 130 " defines a port channel 140 that extends the length of 
nector channel 142 ? ' , the combination of which is then the port and remains essentially uniform in cross section 
urged over port tip 138TV with the port tip inserted into a tube along the length of the port . Port channel 140 ” is in fluid 
channel 1451V until second annular flange 1361 is registered communication with a capsule filter chamber ( not shown ) 
against , and inside , tube connector channel 146 ' . It should 20 defined by capsule 124 " . 
be understood that any method used to assemble the port / A tube connector , shown generally as 126 " , defines a 
tube connector / tube combination is within the scope and connector through - bore 142 " defined by a conical connector 
spirit of the disclosure . inner wall 127 ' . In this embodiment , connector inner wall 
Once assembled , tube channel 1451 defined by tube 127V is tapered in cross section with the smaller end of the 

128?V is in fluid communication with port channel 140. The 25 taper distal from second annular flange 136 ' . A connector 
cross - sectional diameter of port channel 140V may be set to bottom surface 139 is constructed to register against top 
equal the cross - sectional diameter of a relaxed , unstretched , surface 133 of first annular flange 132 " . A bottom end of 
uncompressed and unobstructed section of tube 1281V . The tube connector 126 ” is formed with an annular wall 144 
mechanical interlocking features of port 130 and tube recessed from inner wall 127 " and dimensioned to fit about 
connector 126 along with the tube receiving features of the 30 and register against bottom annular port channel 134 " . The 
port / tube connector combination provide a robust , substan cross - sectional diameter of the channel formed by recessed 
tially air - tight and fluid - tight seal between the port / tube annular wall 144 is substantially equal to , or less than , the 
connector combination and the attached tube . cross - sectional diameter of through - bore 142 " . 

The port / tube connector combination shown in FIGS . 29 An annular tube connector channel 146 ' is formed proxi 
and 31 represents a divergent , constricting tube embodiment 35 mal to recessed annular wall 144 ” and is dimensioned to 
in that the tube registration surfaces of the port tip that receive and register against second annular flange 136 " . The 
partially forms the port / tube connector gap diverges way segment of tube connector 126 in the region of channel 
from a center line of the tube the further the gap extends 146 ' and annular wall 144 may have an outer cross 
from the tube insertion point at the distal end of the port tip . sectional diameter greater than the outer cross - sectional 
In the case of the embodiment shown in FIGS . 29 and 31 , the 40 diameter of remainder of the tube connector to provide 
conical outer wall of port tip 130 tapers outwardly from a sufficient tube connector material to create a robust connec 
distal end to a proximal end , which will urge a tube end to tion between the tube connector and the port that can 
extend and expand away from its center line the further the withstand the mechanical stresses placed upon the connector 
tube is urged onto the port tip . In this regard , the embodi when connected to port 130 " . The combination of the two 
ment is properly classified as a divergent embodiment . 45 annular flanges of port 130 and the features of tube con 
Because conical inner wall 1271V of tube connector 1261 nector channel 146 ' that register against the port flanges 
tapers inwardly from a distal end to a proximal end , the create a mechanical lock between the port and the tube 
proximal end is positioned opposite the proximal , large taper connector . 
end of the port tip outer wall so as to form a constricting gap When tube connector 126 ' is secured to port 130 " , an 
at the proximal end of the gap . This constricted portion of 50 annular conically - shaped , tube - receiving gap , ( tapered in 
the gap will impart compressive , constricting forces against cross - section ) is formed between an outer surface of port tip 
the wall of tube end 1291V when the tube is urged into the 138 and connector inner wall 127 ' as shown in FIG . 32 . 
proximal end of the gap . Thus , the embodiment is defined as The smaller end of the tapered annular gap is formed distal 
a divergent , constricting tube embodiment . from second annular flange 136 " . The cross - sectional 

Referring now to FIGS . 30 and 32 , in yet another embodi- 55 dimension of the taper smaller end is dimensioned to be 
ment of the disclosure , a capsule assembly designated gen equal to , or less than , the cross - sectional thickness of the 
erally as 122 includes a capsule , shown generally as 124 " . wall of a tube , shown generally as 128 " . If the cross 
To form a connection - free junction between capsule 124 sectional dimension of the tapered gap smaller end is less 
and a tube , a modified port 130 " , which can be either an inlet than the thickness of the tube wall , the tube wall at a tube end 
port or an outlet port , is formed with a first annular flange 60 129 is compressed by the taper smaller end when inserted 
132 that extends radially outwardly from the port wall to into the gap . As the tube end 129 progresses past the distal 
form a registration surface for tube connector 126 " . A top end of the gap , the compressive forces applied to the tube 
annular surface 133 ' of flange 132 ” functions as a registra end wall are released as the cross - sectional dimension of the 
tion surface for tube connector 126 " . A second annular gap increases to be equal to , or greater than the thickness of 
flange 136 ' is formed about port 130 and extends radially 65 the tube end wall . Once tube 128 is fully seated in the gap , 
outwardly from the port wall . Second annular flange 136 ” is the only portions of the tube wall that are compressed are 
formed at a point on port 130 more distal from the base of located in registration with the gap taper smaller end . 
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Conversely , if the cross - sectional dimension of the faces of the port tip that partially forms the port / tube 
tapered gap is equal to the thickness of the tube wall , the connector gap converges toward a center line of the tube the 
tube wall at tube end 129 ' will not be compressed by the gap further the gap extends from the tube insertion point at the 
taper smaller end . Instead , the width of port tip 130 at a distal end of the port tip . In the case of the embodiment 
proximal end , will be less than the cross - sectional dimension 5 shown in FIGS . 30 and 32 , the conical outer wall of port tip 
of the port tip distal end . As such , the reducing cross 130 tapers inwardly from a distal end to a proximal end , 
sectional dimension of the port tip proximal end will permit which will permit a tube end to relax and return toward its tube end 129 superposed about the port tip to return toward center line the further the tube is urged onto the port tip . In its pre - stretched dimension . Tube end 129 ' will return to its this regard , the embodiment is properly classified as a pre - expanded diameter as the tube end travels past the distal 10 
end of port tip 130 ' and follows the downwardly reducing convergent embodiment . 
taper of port tip 130 ” back toward a centerline of tube 1287 . With respect to constriction , because conical inner wall 
The further the tube is inserted into the gap , the more the 127 of tube connector 126 tapers outwardly from a distal 
compression forces applied to the tube wall will be displaced end to a proximal end , the distal end is positioned opposite 
away from tube end 129 " . It should be understood that is the distal , large taper end of the port tip outer wall so as to 
insertion of the tube to the bottom of the gap is not required form a constricting gap at the distal end of the gap . This 
if compression is provided against the tube wall to suffi constricted portion of the gap will impart compressive , 
ciently secure the tube in the port / tube connector combina constricting forces against the wall of tube end 129 when 
tion , before the tube end reaches the bottom of the gap . In the tube is urged over the distal end of the gap . Thus , the 
this regard , tube end 129 may or may not register against 20 embodiment is defined as a convergent , constricting tube 
a top surface of second annular flange 136 " . embodiment . 

With respect to the use of compression forces to secure If the dimension of the gap at its distal end is equal to , or 
tube 126 " , additional or alternative means may also be used greater than , the cross - sectional thickness of the tube wall , 
to secure the tube to the tube connector / port combination then the gap will not compress the tube wall and this will be 
including adhesives , friction fit surfaces and mechanical 25 classified properly as non - constricting . For such an embodi 
interlocking features . Some adhesion between the tube and ment , the width or diameter of the port tip distal end should 
tube connector / port combination may also occur if the be greater in dimension than the cross - sectional diameter of 
connection is formed in a one - step molding process whereby the tube channel or lumen to create an anchor point to secure 
the tube connector is formed around a pre - assembled com the tube to the port / tube connector combination . 
bination of a pre - formed port and pre - formed tube with tube 30 Referring now to FIGS . 33 and 35 , in yet another aspect 
end 129 secured over port tip 138 " . The preassembled of the disclosure , a capsule assembly designated generally as 
components are placed in a mold for compression or injec 122 " includes a capsule , shown generally as 124 " . To form 
tion molding of the tube connector . Tube connector 126 ' a connection - free junction between capsule 124 " and a tube , 
may also be thermoformed about the tube and port combi a modified port 130 " , which can be either an inlet port or an 
nation . 35 outlet port , is formed with a first annular flange 132 " that 

If each piece is formed separately from the others before extends radially outwardly from the port wall to form a 
assembly , tube connector 126 ” is formed from materials that registration surface for tube connector 126 " . A top annular 
have sufficient elastic properties to permit tube connector surface 133 of flange 132 ” functions as a registration 
126 to be urged over tube end 129 and port tip 130 ” . In surface for tube connector 12617. A second annular flange 
such an embodiment , the tube connector can be assembled 40 136 ” is formed about port 130 ” and extends radially out 
initially to the port tip by urging tube connector 126 ' over wardly from the port wall . Second annular flange 136 " is 
port tip 130 until tube connector channel 146 ” is positioned formed at a point on port 130 " more distal from the base of 
over and against second annular flange 136 " . Tube end 129 " the port than first annular flange 132 " . The radial length of 
is then urged into the gap formed by the port / tube connector second annular flange 136 " is less than the radial length of 
combination . 45 first annular flange 13277. The combination of first annular 

Alternatively , tube connector 126 " can be pre - assembled flange 132 ” and second annular flange 136 " forms an 
to tube 128 " with tube end 129 ' inserted into tube connector annular port channel 134 " that permits the formation of a 
channel 142 ' , the combination of which is then urged over mechanical lock between the port and the tube connector as 
port tip 138 with the port tip inserted into a tube channel disclosed in more detail below . 
145 ' until second annular flange 136 ” is registered against , 50 A port tip 138 ™ extends beyond second annular flange 
and inside , tube connector channel 146 ' . It should be 136V and defines a tapered profile in cross section with the 
understood that any method used to assemble the port / tube smaller diameter of the taper being formed at the point most 
connector / tube combination is within the scope and spirit of distal to the second annular flange . Port 130 defines a port 
the disclosure . channel 140 % that extends the length of the port and remains 

Once assembled , a tube channel 145 " defined by tube 55 essentially uniform in cross section along the length of the 
128 is in fluid communication with port channel 140 " . The port . Port channel 1407 is in fluid communication with the 
cross - sectional diameter of port channel 140 ' may be set to capsule filter chamber . 
equal the cross - sectional diameter of a relaxed , unstretched , A tube connector , shown generally as 126 " , defines a 
uncompressed and unobstructed section of tube 128 ” . The cylindrical connector through - bore 142 " defined by a con 
mechanical interlocking features of port 130 ' and tube 60 nector inner wall 127 " . In this embodiment , connector 
connector 126 along with the tube receiving features of the through - bore 142 ” is uniform in cross section along its 
port / tube connector combination provide a robust , substan length . A connector bottom surface 139 is constructed to 
tially air - tight and fluid - tight seal between the port / tube register against top surface 133 ” of first annular flange 
connector combination and the attached tube . 132V7 . A bottom end of tube connector 126 " is formed with 

The port / tube connector combination shown in FIGS . 30 65 an annular wall 144 recessed from inner wall 127V and 
and 32 represents a convergent , constricting or non - con dimensioned to fit within , and register against , bottom 
stricting tube embodiment in that the tube registration sur annular port channel 134 " . The cross - sectional diameter of 
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the channel formed by recessed annular wall 144 is equal be understood that any method used to assemble the port / 
to , or greater than , the cross - sectional diameter of through tube connector / tube combination is within the scope and 
bore 142 " . spirit of the disclosure . 

An annular tube connector channel 146 " is formed proxi Once assembled , tube channel 145 ” , defined by tube 
mal to recessed annular wall 144 and is dimensioned to 5 128 " ) , is in fluid communication with port channel 14017 . 
receive and register against second annular flange 136 " . The The cross - sectional diameter of port channel 140 " may be 
segment of tube connector 1267 in the region of channel set to equal the cross - sectional diameter of a relaxed , 
146 ” and annular wall 144 " may have an outer cross unstretched , uncompressed and unobstructed section of tube 
sectional diameter greater than the outer cross - sectional 128MT . The mechanical interlocking features of port 1307 
diameter of remainder of the tube connector to provide 10 and tube connector 126 " along with the tube receiving 
sufficient tube connector material to create a robust connec features of the port / tube connector combination provide a 
tion between the tube connector and the port that can robust , substantially air and fluid tight seal between the 
withstand the mechanical stresses placed upon the connector port / tube connector combination and the attached tube . 
when connected to port 13017. The combination of the two The port / tube connector combination shown in FIGS . 33 
annular flanges of port 130 \ 7 and the features of tube 15 and 35 represents a convergent , constricting or non - con 
connector channel 146 ” that register against the port flanges stricting tube receiving embodiment in that the tube regis 
create a mechanical lock between the port and the tube tration surfaces of the port tip that contribute to the forma 
connector . tion of the port / tube connector gap converge toward a center 
When tube connector 126 " is secured to port 130 " , an line of the tube the further the gap extends from the tube 

annular conically - shaped , tube - receiving gap , ( tapered in 20 insertion point at the distal end of the port tip . In the case of 
cross - section ) is formed between an outer surface of port tip the embodiment shown in FIGS . 33 and 35 , the conical outer 
138 " and connector inner wall 127 as shown in FIG . 35 . wall of port tip 13017 tapers inwardly from a distal end to a 
The smaller end of the tapered annular gap is formed proximal end , which will permit the wall of the tube end to 
proximal to second annular flange 136 " . The cross - sectional relax and return toward its center line the further the tube is 
diameter of the taper small end is dimensioned to be less 25 urged onto the port tip . In this regard , the embodiment is 
than the cross - sectional thickness of the wall of a tube , properly classified as a convergent embodiment . 
shown generally as 128 ” . This causes the tube wall at a tube With respect to constriction , if the dimension of the gap 
end 1297 to be compressed when inserted into the bottom of at the gap distal end between the cylindrical inner wall 127 " 
the gap . The further the tube is inserted into the gap , the of tube connector 126 and the outer wall of port tip 130 " 
more the compression forces increase to secure the tube in 30 is smaller than the thickness of the wall of tube 1287 , then 
the gap until the bottom of the gap is reached . It should be the distal end of the gap will constrict the wall of tube 1287 . 
understood that insertion to the bottom of the gap is not This constricted portion of the gap will impart compressive , 
required if sufficient compression is provided against the constricting forces against the wall of tube end 129 " when 
tube wall before the tube end reaches the bottom of the gap . the tube is urged over the distal end of the gap . Thus , the 
In this regard , tube end 129 " may or may not register 35 embodiment is defined as a convergent , constricting tube 
against a top surface of second annular flange 136 " . embodiment . 

With respect to the use of compression forces to secure If the dimension of the gap at its distal end is equal to , or 
tube 126 " , additional or alternative means may also be used greater than , the cross - sectional thickness of the tube wall , 
to secure the tube to the tube connector / port combination then the gap will not compress the tube wall and this will be 
including adhesives , friction fit surfaces and mechanical 40 classified properly as non - constricting . For such an embodi 
interlocking features . Some adhesion between the tube and ment , the width or diameter of the port tip distal end should 
tube connector / port combination may also occur if the be greater in dimension than the cross - sectional diameter of 
connection is formed in a one - step molding process whereby the tube channel or lumen to create an anchor point to secure 
the tube connector is formed around a pre - assembled com the tube to the port / tube connector combination . 
bination of a pre - formed port and pre - formed tube with tube 45 Referring now to FIGS . 34 and 36 , in yet another embodi 
end 129 secured over port tip 138 " . The preassembled ment of the disclosure , a capsule assembly designated gen 
components are placed in a mold for compression or injec erally as 122VII includes a capsule , shown generally as 
tion molding of the tube connector . Tube connector 126 " 124. To form a connection - free junction between capsule 
may also be thermoformed about the tube and port combi 124VII and a tube , a modified port 130 TI , which can be either 
nation . 50 an inlet port or an outlet port , is formed with a first annular 

If each piece is formed separately from the others before flange 132 " that extends radially outwardly from the port 
assembly , tube connector 126 ” is formed from materials wall to form a registration surface for tube connector 126VI . 
that have sufficient elastic properties to permit tube connec A top annular surface 133 VII of flange 132711 functions as a 
tor 126 " to be urged over tube end 129 and port tip 13017 . registration surface for tube connector 126VII . A second 
In such an embodiment , the tube connector can be 55 annular flange 136 " is formed about port 13011 and 
assembled initially to the port tip by urging tube connector extends radially outwardly from the port wall . Second 
126 " over port tip 130 % until tube connector channel 146V annular flange 136VTI is formed at a point on port 130 % more 
is positioned over and against second annular flange 136 " . distal from the base of the port than first annular flange 
Tube end 12917 is then urged into the gap formed by the 132V71 . The radial length of second annular flange 136 VTI is 
port / tube connector combination until anchored sufficiently 60 less than the radial length of first annular flange 13271. The to prevent disengagement . combination of first annular flange 132 " , and second annu 

Alternatively , tube connector 126 " can be pre - assembled lar flange 136VT1 forms an annular port channel 134VTI that 
to tube 128V with tube end 129 7 inserted into tube con permits the formation of a mechanical lock between the port 
nector channel 142 ” , the combination of which is then and the tube connector as disclosed in more detail below . 
urged over port tip 138 ™ with the port tip inserted into a tube 65 A cylindrical port tip 138111 extends upwardly from sec 
channel 145 until second annular flange 136 ” is registered ond annular flange 136VTI . The outer wall of port tip 138T 
against , and inside , tube connector channel 146 " . It should is cylindrical in form with a substantially uniform wall 

VI 

VI 

9 



126VII 
146 VII 

the scope 
20 

VII 

US 10,653,980 B2 
35 36 

thickness and a substantially uniform cross - sectional diam If each piece is formed separately from the others before 
eter along its entire length . Port 130 VII defines a port channel assembly , tube connector 126TI is formed from materials 
140 that extends the length of the port and remains that have sufficient elastic properties to permit tube connec 
essentially uniform in cross section along the length of the tor 126VII to be urged over tube end 12911 and port tip 
port . Port channel 140VII is in fluid communication with the 5 13011I . In such an embodiment , the tube connector can be 
capsule filter chamber . assembled initially to the port tip by urging tube connector 

A tube connector , shown generally as 126VII , defines a over port tip 130WT until tube connector channel 
connector through - bore 142 VII defined by a connector inner is positioned over and against second annular flange 
wall 127 " . In this embodiment , connector inner wall 127VTI 136VII . Tube end 129V is then urged into the gap formed by 
is tapered in cross section with the smaller end of the taper 10 the port / tube connector combination . 
distal from second annular flange 136VII . A connector bot Alternatively , tube connector 126V can be pre - assembled 

to tube 128VII with tube end 129VII inserted into tube con tom surface 1391 is constructed to register against top nector channel 142 VII , the combination of which is then surface 133 of first annular flange 132. A bottom end of urged over port tip 138VII with the port tip inserted into a tube connector 126VTI is formed with an annular wall 144 VII 15 tube channel 14511 until second annular flange 136VTI is recessed from inner wall 127V and dimensioned to fit about , registered against , and inside , tube connector channel 
and register against , bottom annular port channel 1341. The 14617. It should be understood that any method used to 
cross - sectional diameter of the channel formed by recessed assemble the port / tube connector / tube combination is within 
annular wall 144 is greater than the cross - sectional diam and spirit of the disclosure . 
eter of through - bore 142V11 . Once assembled , tube channel 145 VII defined by tube 
An annular tube connector channel 146VII is formed 128VII , is in fluid communication with port channel 140VII . 

proximal to recessed annular wall 144 and is dimensioned The cross - sectional diameter of port channel 1401 may be 
to receive and register against second annular flange 136VT . set to equal the cross - sectional diameter of a relaxed , 
The segment of tube connector 126TI in the region of unstretched , uncompressed and unobstructed section of tube 
channel 146VII and annular wall 144 VII may have an outer 25 128TI . The mechanical interlocking features of port 130VTI 
cross - sectional diameter greater than the outer cross - sec and tube connector 126VII along with the tube receiving 
tional diameter of remainder of the tube connector to pro features of the port / tube connector combination provide a 
vide sufficient tube connector material to create a robust robust , substantially air - tight and fluid - tight seal between the 
connection between the tube connector and the port that can port / tube connector combination and the attached tube . 
withstand the mechanical stresses placed upon the connector 30 The port / tube connector combination shown in FIGS . 34 
when connected to port 130VT . The combination of the two and 36 represents a linear , constricting tube - receiving 
annular flanges of port 130 VII and the features of tube embodiment in that the tube registration surfaces of the port 
connector channel 146VT that register against the port tip that contribute to the formation of the port / tube connector 
flanges create a mechanical lock between the port and the gap are cylindrical in form and do not cause the wall of tube 
tube connector . 35 128 VII to converge toward , or diverge from , a center line of 
When tube connector 126VII is secured to port 130VTI , the tube at any point along the length of port tip 130. In 

annular conically - shaped , tube - receiving gap , ( tapered in this regard , the embodiment is properly classified as a linear 
cross - section ) is formed between an outer surface of port tip embodiment . 
138VII and connector inner wall 127VII as shown in FIG . 36 . With respect to constriction , because the dimension of the 
The smaller end of the tapered annular gap is formed distal 40 gap formed between the distal end of inner wall 12711 and 
from second annular flange 136 " 71 In one embodiment , the the outer wall of port tip 130 " , where the tube - receiving 
cross - sectional diameter of the small end is dimensioned to gap is at its smallest dimension , is smaller than the thickness 
be less than the cross - sectional thickness of the wall of a of the wall of tube 1281T1 , the distal end of the gap will 
tube , shown generally as 1281. This causes the tube wall at constrict the wall of tube 12811. This constricted portion of 
a tube end 1291 to be compressed when inserted into the 45 the gap will impart compressive , constricting forces against 
gap . The further the tube is inserted into the gap , the more the wall of tube end 129VT when the tube is urged over the 
the compression forces increase to secure the tube in the gap distal end of the gap . The portion of the tube that registers 
until the bottom of the gap is reached . It should be under against the features that form the distal end of the gap , when 
stood that insertion to the bottom of the gap is not required the tube is fully inserted into the gap , will also experience 
if sufficient compression is provided against the tube wall 50 the noted compressive , constricting forces . Thus , the 
before the tube end reaches the bottom of the gap . In this embodiment is defined as a linear , constricting tube embodi 
regard , tube end 129VTI may or may not register against a top ment . 
surface of second annular flange 136 " . The shells , ports , connectors and related structures includ 
With respect to the use of compression forces to secure ing rigidifying structures of the various filter assembly 

tube 126 " , additional or alternative means may also be used 55 embodiments disclosed herein may be injection molded 
to secure the tube to the tube connector / port combination from any thermoplastic materials , including , but not limited 
including adhesives , friction fit surfaces and mechanical to , Polypropylene ( PP ) , Polyethylene ( PE ) , nylon , Polysul 
interlocking features . Some adhesion between the tube and fone , Perfluoroalkoxy ( PFA ) polymer resin , Polycarbonate 
tube connector / port combination may also occur if the ( PC ) , Polysulfone ( PS ) , Polyethersulfone ( PES ) , Ethylene 
connection is formed in a one - step molding process whereby 60 clorotrifluoroethylene copolymer ( ECTFE ) and mixtures 
the tube connector is formed around a pre - assembled com thereof that are generally compatible with the fluids and / or 
bination of a pre - formed port and pre - formed tube with tube gasses intended to be introduced into the filter assembly as 
end 129 VTI secured over port tip 13811 The preassembled is known in the art . The components may also be constructed 
components are placed in a mold for compression or injec from aluminum , stainless steel , metallic alloys , or other 
tion molding of the tube connector . Tube connector 126171 65 metal - based materials . It should be understood other mate 
may also be thermoformed about the tube and port combi rials and manufacturing methods well known in the art may 
nation . be used to construct these components . 

an 
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For purposes of this disclosure , the filter media disclosed channel , and wherein a bottom end of the tube connector is 
herein can be constructed from any material used to make formed with an annular tube connector wall extending 
filters and may be constructed in a form selected from the radially inwardly from the connector inner wall and dimen 
group consisting of filter membranes , loose filter media , sioned to fit within , and register against , the annular port 
hollow fibers , tubular membranes and combinations thereof . 5 channel . 
As used herein , “ filter material ” and / or “ filtration material ” 5. The filter capsule - tube assembly of claim 4 wherein an 
shall mean any filter membrane , filter media , or any other annular tube connector channel is formed on the connector 
material or substance used to filter fluids including liquids inner wall adjacent the tube connector wall and dimensioned 
and gases . Specifically , suitable filter materials include illus to envelope the second annular flange of the port . 
tratively , polytetrafluoroethylene ( PTFE ) , polyvinylidene 10 6. The filter capsule - tube assembly of claim 1 wherein the 
fluoride ( PVDF ) , polyethylene , hydrophilized polyethersul connector inner wall is conical , tapered in cross - section , 
fone , nylon , cellulose acetate , cellulose nitrate , hydro with the cross - sectional diameter of a top end of the con 
philized PVDF , polycarbonate , polyethersulfone ( PES ) , nector inner wall larger than the cross - sectional diameter of 
polysulfone ( PS ) , Nylon 6 , Nylon 66 , regenerated cellulose , a bottom end of the connector inner wall , and wherein the 
mixed esters of cellulose , polycarbonate , polyester , poly- 15 connector inner wall is dimensioned to be superposed about , 
acrylonitrile ( PAN ) , polyimide , polyamide , perfluoroalkoxy and to secure the flexible tube to , the port outer wall . 
( PFA ) and its derivatives , Ethylene - clorotrifluoroethylene 7. The filter capsule - tube assembly of claim 1 , wherein the 
copolymer ( ECTFE ) , polypropylene ( PP ) , high density connector inner wall is conical , tapered in cross - section , 
polyethylene ( HDPE ) , ultra - high molecular weight polyeth with the cross - sectional diameter of a top end of the con 
ylene ( UHMWPE or UPE ) and mixtures thereof , as well as 20 nector inner wall smaller than the cross - sectional diameter 
others well known in the art . Pore sizes and porosities are of a bottom end of the connector inner wall , and wherein the 
selected based upon the particular application as is well connector inner wall is dimensioned to be superposed about , 
known in the art . and to secure the flexible tube to , the port outer wall . 

While the present disclosure has been described in con 8. A filter capsule - tube assembly comprising : 
nection with several embodiments thereof , it will be appar- 25 a capsule shell having a housing wall defining a filter 
ent to those skilled in the art that many changes and chamber with a port extending from the shell that 
modifications may be made without departing from the true defines a port channel in fluid communication with the 
spirit and scope of the present disclosure . Accordingly , it is filter chamber , wherein the port has a conical outer wall 
intended by the appended claims to cover all such changes that ends in a port tip with a distal end of the port 
and modifications as come within the true spirit and scope of 30 having a larger cross - sectional diameter than an end 
the disclosure . proximal to the capsule shell ; 
What we claim as new and desire to secure by United a tube connector having a connector inner wall defining a 

States Letters Patent is : connector through - bore , wherein the tube connector is 
1. A filter capsule - tube assembly comprising : superposed about the port , wherein a tube receiving 
a capsule shell having a housing wall defining a filter 35 channel is formed between the connector inner wall and 
chamber with a port extending from the shell that the port outer wall ; and , 
defines a port channel in fluid communication with the a flexible tube having a tube wall with a defined thickness 
filter chamber , wherein the port has a distal end seg and defining a tube lumen , wherein the tube is secured 
ment with a smooth , continuous conical , tube - receiving over the port and within the tube - receiving channel , 
outer wall that ends in a port tip , wherein the port tip 40 wherein the tube lumen , port channel and filter cham 
has a smaller cross - sectional diameter than an end of ber are in fluid communication . 
the distal end segment proximal to the capsule shell ; 9. The filter capsule - tube assembly of claim 8 , wherein the 

a tube connector having a connector inner wall defining a port channel has a cross - sectional diameter substantially the 
connector through - bore , wherein the tube connector is same as the cross - sectional diameter of the tube lumen at a 
superposed about the port , wherein a tube - receiving 45 relaxed , or unstressed portion of the tube . 
channel is formed between the connector inner wall and 10. The filter capsule - tube assembly of claim 8 , wherein 
the port outer wall ; and , the connector inner wall is cylindrical in cross - section and 

a flexible tube having a tube wall with a defined thickness dimensioned to be superposed about , and to secure the 
and defining a tube lumen , wherein the tube is secured flexible tube to , the port outer wall . 
over the port distal end segment and within the tube- 50 11. The filter capsule - tube assembly of claim 8 , wherein 
receiving channel in a friction fit , wherein the tube the port has a first annual flange extending radially out 
lumen , port channel and filter chamber are in fluid wardly from the port proximal to the capsule shell and a 
communication . second annular flange extending radially outwardly from the 

2. The filter capsule - tube assembly of claim 1 , wherein the port distal from the first annular flange , wherein the first and 
port channel has a cross - sectional diameter substantially the 55 second annular flanges are spaced to form an annular port 
same as the cross - sectional diameter of the tube lumen at a channel , and wherein a bottom end of the tube connector is 
relaxed , or unstressed portion of the tube . formed with an annular tube connector wall extending 

3. The filter capsule - tube assembly of claim 1 , wherein the radially inwardly from the connector inner wall and dimen 
connector inner wall is cylindrical in cross - section and sioned to fit within , and register against , the annular port 
dimensioned to be superposed about , and to secure the 60 channel . 
flexible tube to , the port outer wall . 12. The filter capsule - tube assembly of claim 11 wherein 

4. The filter capsule - tube assembly of claim 1 , wherein the an annular tube connector channel is formed on the connec 
port has a first annual flange extending radially outwardly tor inner wall adjacent the tube connector wall and dimen 
from the port proximal to the capsule shell and a second sioned to envelope the second annular flange of the first port . 
annular flange extending radially outwardly from the port 65 13. The filter capsule - tube assembly of claim 8 , wherein 
distal from the first annular flange , wherein the first and the connector inner wall is conical , tapered in cross - section , 
second annular flanges are spaced to form an annular port with the cross - sectional diameter of a top end of the con 
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nector inner wall larger than the cross - sectional diameter of dimensioned to be superposed about , and to secure the 
a bottom end of the connector inner wall , and wherein the flexible tube to , the port outer wall . 
connector inner wall is dimensioned to be superposed about , 17. The filter capsule - tube assembly of claim 15 , wherein 
and to secure the flexible tube to , the port outer wall . the port has a first annual flange extending radially out 

14. The filter capsule - tube assembly of claim 8 , wherein 5 wardly from the port proximal to the capsule shell and a 
the connector inner wall is conical , tapered in cross - section , second annular flange extending radially outwardly from the 

port distal from the first annular flange , wherein the first and with the cross - sectional diameter of a top end of the con second annular flanges are spaced to form an annular port nector inner wall smaller than the cross - sectional diameter channel , and wherein a bottom end of the tube connector is 
of a bottom end of the connector inner wall , and wherein the formed with an annular tube connector wall extending 
connector inner wall is dimensioned to be superposed about , radially inwardly from the connector inner wall and dimen 
and to secure the flexible tube to , the port outer wall . sioned to fit within , and register against , the annular port 

15. A filter capsule - tube assembly comprising : channel . 
a capsule shell having a housing wall defining a filter 18. The filter capsule - tube assembly of claim 17 , wherein 
chamber with a port extending from the shell that an annular tube connector channel is formed on the connec 
defines a channel in fluid communication with the filter tor inner wall adjacent the tube connector wall and dimen 
chamber , wherein the port has a distal end segment with sioned to envelope the second annular flange of the port . 
a smooth , continuous , tube - receiving cylindrical outer 19. The filter capsule - tube assembly of claim 15 wherein 
wall that ends in a port tip ; the connector inner wall is conical , tapered in cross - section , 

a tube connector having a connector inner wall defining a 20 with the cross - sectional diameter of a top end of the con 
connector through - bore , wherein the tube connector is nector inner wall larger than the cross - sectional diameter of 

a bottom end of the connector inner wall , and wherein the superposed about the port , wherein a tube - receiving 
channel is formed between the connector inner wall and connector inner wall is dimensioned to be superposed about , 
the port outer wall ; and , and to secure the flexible tube to , the port outer wall . 

a flexible tube having a tube wall with a defined thickness 20. The filter capsule - tube assembly of claim 15 , wherein 
and defining a tube lumen , wherein the tube is secured the connector inner wall is conical , tapered in cross - section , 
over the port distal end segment and within the tube with the cross - sectional diameter of a top end of the con 
receiving channel in a friction fit , wherein the tube nector inner wall smaller than the cross - sectional diameter 

of a bottom end of the connector inner wall , and wherein the lumen , port channel and filter chamber are in fluid 
communication . connector inner wall is dimensioned to be superposed about , 

16. The filter capsule - tube assembly of claim 15 , wherein and to secure the flexible tube to , the port outer wall . 
the connector inner wall is cylindrical in cross - section and 
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